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^.- ĉ  Tes. 7STQ1; 602 0£c=23 rids-, 131k Ucod St., UallEB, C02. 752C^.

1'v. D7:lrolc3ic ctuii-os of czsll ^tcrchsds., Cc-j 3^.70x1, Eraccs Cscsty, 
Ce;^i3, fcy U« 3. llills. 125 p., 12 fi^s. En. 630 Federal 12.^., 
SCO last Cti ATS., Austin, Tss. 73701; 602 Siczas Elcic., 131^ 
T'ccd St., gsllao

Grc-nzd--?2.ter reccts-ces of tha ITortbora Hcei Peniasula, Virciaia, 
Alien Sisratt. 2$9 p.» 2 pl3«> 3.0 fiG^. 2CO uest GTe.c3 St., 
rdcfcioad, Va. 23^20; ITataral Racourcos I31cl3., coraar of I-^Cor 
end Alderr^a Rds., CliarlcttesTillG, Va, 22>03. '

16. Geology cr& src\aid-uater resources of th3 IlidcllQ Feninsula,
l-y D. J» Ced3?3trca. 231 p., 9 fl33« 2CO Ucst Gre.
Va. 23320; natural P.accurccs Elcl^., comer of IIeCeini±L csa Alcl
T/ls., C^rlottesvillo, Va. 229C3.



Page

Introduction and acJmowledgnenta                             7

Ere-Cretaceous basensnt rock-    ~       -                    10

Cretaceoua Ssrsteai-PotonBC Group --                -       13

Cretaceous to Tertiary Stystena-                         - 14

Upper Cretaceous and PaJLsocene Series- 
Mattaponl Formation                           14

Utertlary
l7 Paleocene Seriea-Aquia Sbnaation-           .   .. 

Socene Serias-HanJemoy and Chicka hominy Format ions    - 19

Miocene Seriea-Chesapeate Group     -     . . - » 22

Quaternary system-                                      26

Pleistocene Seriea-Colonbla Group                26

Quality of Water                                 30

Optlaum ground-water development    -       .             3^

Artesian -water-      -       ~          -              -     34

Brackish vater-                                   37

Recharge of brackish vater strata                  38

Arteaian -water ri^its and hydrologic concepts   «         -   bQ

Shallow vater     >.                             - kk

Loss of veils                                     49

Bconoaic data          -                            -- k$

Caroline Cotinty                                 - 50

Geology                                       52



Page

Water "bearing Formations        -             "2

Quality of water                            "5

Essex County-                                 83

Geology                             *"-   90

Water "bearing formations                       95

Quality of water                             103

Middlesex County-                                121

Geology                                   122

Water "bearing formations                       126

Quality of water                           - 130

King. and Queen County                           155 

Geology                                    . 156

Water "bearing formations                      l6l

Quality of water                             167

Gloucester County                               180

Geology                    .             182

Water "bearing formations                       18? 

Quality of water                            ' 191

Mathews County                                 210

Geology                                   211

Water "bearing formations                     - 214

Quality of water-                              2l6

Bibliography       -                         229



CQ833BT3

Abatraet

Ihtzoduetioa and acJnovlftdgtBtats

Otology

Ba«aa*&t locka 

Cnrtaeaoua SyataavFotoaae 

Czataccoua to T»rti»ry Sy

Opp«r Crfttaosous and Pal«oceo« 3«rl«d-Mattaponi Jonoatloa

Tbnmtlon

«ad

0x019

Quality of

Artaslaa vat«r 

vatar

of inraeJElAh vstar atimta

Arteslaa vmter right* aad hydiologic coaeapta

SbalXov vatar 

Log* of vtlls 

Beoaoale 4ata 

Caxoltaa County

Oaology

Qxouad vater



quality of v»tor 

Coustj

Qpmlity of vator 

Hiddlooox County

Gxmnid v«t*r xooouxvoo 

Qomlity of ¥fttor 

King and Queim County 

Ooology

of votor 

Qloncootor County

Ooology

rotor ra<oure«t 

of

County 

Geology 

Qzovnd uttt 

Quality of vmtor

7



niuatxvtiona

1«  Map storing location of the Middle Banimmla. and 
positions of czQae-eeetione on plate 1*

2»  Soggwted design of m dxsinag»-*eofaarga 

of wULx \f Onp^favf County* 

of vsLUi is 2M«c County* 

of veils In ^^^t^^yir County*

»  'location* of v«II« in King and Qoaan County. 

T»  locatlona of valla In Gloucester County. 

8.-»Loc»tlona of ipalla in Mfcthewr Coonty.

Plate 

Plate l^^Qroa^Hwetloaa throuf^i the Kiddle Psninaula shoving



T»blea

1* PtcorJs of veils la Caroline County ^

2* Xbgt of veils la Caroline County

3. Analyses of vaster from veils la Caroline County

fc* Bacords of veils laSasax County *

5* £09 of V9ll« la Srooc County

6. izAly«0« of voter fro« vella In SSMC Comity

7* B»cord» of »Ua la Kt<1rt7<ttifT County y

8* log* of wll* la MlddlwwjE Cbunty

?» j^mlysttv of voter firon wile la Midaimnac County 

10* Becorta of veils In Slag and QBMB County -,/ 

11* Zog» o* v»U« la Xla^ «n4 Qn«a County 

12* Jbalyats of vattr froa v*U* la Slag and QDM& County 

13«- BtcoxtC* of wella la Gloucester Cbusty w 

	£09 of wlla la Gloticewter County 

	Aaftlyats of i«tar froa vella la Olouc«rt«r Ccamty 

l£« B»eoxd9 of veils la Ifettani County ^ 

17* togs of veils la Mrthew County 

18* Aatlyves of v«ter firoa veils la Mrtbnm County



Geology and Ground-Water Resources of the 
Middle Itenlnaula* Virginia

B» J. Cederatrom 

Abstract

The Middle Bmlnaulm of eastern Virginia la part of the Coastal 

Plain province. It extends from the Jtell Line to Chesapeake Bay 

and Hea betveen the Rappahannock River on the north and York and 

Mattaponi Rivers on the south* Caroline, Essex, Middlesex, Sing and 

^leen, Glcrucester and Matheva Counties are Included In the report. 

Field work In the area, waa carried oat by several individuala and 

thla report la * synthesis of various data gathered over a period 

of tine. Records of large yield wella drilled In the last several 

years do such to update the report* Ike geology la baaed largely 

on the writer's Interpretation of drillers 1 logs and veil records. 

Comparison vltb better controlled geology to the north and south 

haa been helpful in arriving at soot degree of accuracy in drawing 

of atxtttigraphic boundaries*

Thai area consists largely of farma and voodlanda with scattered 

snail villages and a few large towns. The largest town units are 

Port Royal, Tappaharmock, and Urbanna on the Rappahannock River* 

Bowling Green lie* Inland and Mathews lies off Chesapeake Bey.

Manufacturing la not greatly important in the area and la in 
good part baaed on lumber products. Sport and conaer^cWl fishing



are important locally. Tara cropa range widely in economic value 

ftros* county to county* Goonercial production of flowers and bulbs* 

particularly daffodil*, is a unique feature of the Virginia Coastal 

Plain. A very large duck team is located belov Urbanna. Considerable 

developaant of the more daairable river front acreags haa been taking 

place in the last decade, in part aa "suburbs" of Urbanna and 

Sftppahanrack and in such greater part aa summer hones of residents 

of Bichmond, Trederlekaburgf and elsewhere* A developnent conaiating 

of nsmTBHflfr lakes, home sites* ramping sites and recreational 

facilities is being established in Caroline County* A large military 

reservation, A. ?. Hill, is also in Caroline County. The recreation 

industry is significant, therefore, in the acre easterly part of 

the Middle Jteninsulu, and will probably increase in Importance* 

Crystalline rocks crop out In vesternmost Carolina* County but

east of the Jail tine, crystalline rocks and Trlsssic sandstone lie
a/**

at progressively greater depths in Mathews County they are reached
^

at 2,300 feet beneath the cover of Coastal Plain sediments*

Ubconsolidated sedlaents of the Bstonac group of Early and 

late Cretaceous age rest upon the basement rock* 3icy do not crop 

out in the are* but have been penetrated by veils in central and 

eastern Caroline County* 2be deep veil in Mtthews County penetrates 

the full section of Potomac sediments- Biere the Potomac section 

nsy be about 900 feet thick and consists of alternating sand and 

clay beds*



Tha Mattaponl Formation of late Crataceoua to Ifclaocene ags 

consists of alternating sanda and clay a   Tha sands are glaueonitic 

or glaiieonite sands and in neny places the clay* are highly colored. 

The maxlTmrai thiokneae nay be greater than 500 feet dcwnjkj*.* It ia 

believed to extend nearly to the- Fall Zone in Caroline County. The 

Aquia Ponaation ia a highly glaueonltic series of beda of Biloocene 

age* It ia veil developed in the Tall Zone area but thins out 

dovttddpr*.

2h0 Hanjemoy Formation of -4*sees«&fi3£aH3te Eocene age ia 

relatively thin in the full Zone area but thlckena to about 100 feet 

eastward. Hbvever, like the Aqula,it alao ia truncated eastward by 

an overlying formation, the (2i1ckahoairy> of te Bocena

. It may attain ft thicfcneaa of more than 125 f**t in the eastern
the 

part of/Middle Bsninsuie. de Socene formations are Qharaoteristically

glauoonitia sanda and marls- Thin beda of liaestona, conraonly 

cemented shell beda alternating vith thin fine glauconitia sand strata, 

are conanon* 'Sm l^laocene Aquia and Socene Kanjeaoy Soromtions are 

exposed along Rmppaharmock and itettaponi Rivers but the overlying 

Chickahominy Formation ia knovn only at depth.

de late Cretaceous to Socene beds are transected by the 

Chesapeake group of early formations of Miocene age. In central 

Caroline County the base of the Miocene lies about 100 feet above 

sea level but in the counties adjacent to the bay the Miocene may 

extend to more than J*00 feet belay sea level.



Coliffl&ta group of fternatioo* eosalsfc^af a thin vwa**r of

ovty tnh^ aa&aw Cbaatal

Any valla dawalop tmtar fern coDaolidatad oadrocfc toasaatfe tha 

QoaataX ?lal2i

Bfcaft of t&ft Jail fiteWbar in tte Ctwtac^oaa to Sooana

SUtODBP AwCPl^juStfC If^^AfeiJP JMkV^

 long tha- Ixrgi rtvani aad tbsir trlbtxtarla* mm a result 

of vfeicfe artaaian haad la acaj lav and many valla timt one* flovad 

naif IMP pisflpad* Tnflnatarial, v<«h^!>tpg inltiAtad is aoora nteast 

haa undoubttdlT- can*rU>utad to tha loaa of bead*

mJKFfStt Q!QflUKif^£v24M^ 03^ ^MKvflSP^ ^t v^ ^& filjLjLJLjLdftl AR^A^LQKDft ft cLu3ff CCFfl^

A "^^ M H^5r__,_ __ __^_^
fipun oittapQDi afid^Potcnao 7onsatiooa aoBNMBajt* aaat of tba>

2oaa>» Bawarar, aaxt of a> lina dnKm f*o« Birrhatia Hhaorf on tha 

iJaii'iiKifili1. la lovar MiddlaaeK County aai acwtiancpd throegji

Ooootgr, artaaiaa natar la fe&ackiife to a. gyaatar or lasaar

flaajaaay aad Chlekahqadaqr yoamatlooa ar« axea-Uast 

of «ttpply foy donactlu naadi la «ny placa«. da Aqulm Toraatlon

appaars to *b« a laaqr poor aqulffer* ttto<7»n» aaoda arc davftlopad fey
*»*"/ 

««U« in thoaa arcs* adjooaat to Ctiaaarealrji BayA p& meat Izurtaaavs

only amll suppllta asra airmiOabla* Itanrmca aaadt* ylald doaaatle

to thonaanfltt of dog nalla ticrou^toat tha Mtddl* Panlnaul*.

drmlopntat of grocoad watar raaouareac 1* diaeusaad 

firaai tba point of Tiav of dawldpoaut of aRziscn h^divollo gradiaot



toward heaarily pumping valla time inducing maximum eastward flow 

of arteaiaxt water and aaxiMnm roof leakage. The reservoir capacity 

of Cbeat*! Plain aadiaanta can be utilised in aany plmcee by 

reoharging thoae aadiaanta when and where excess surface water ia 

available. Storage of freah water ia brackish water sediaeata is 

also possible. Recovery of the great volaas of recharge received 

(and now lost to the tea) by terrace formations may be practicable 

by drainage through recharge wells. Funplng of brackish artesian 

water for special uses ia aqggtatad aa a means of diminishing any 

tendency of the salt water front to move updip.

Deep well water la the eaateraeoet part of the area, la some* 

what hard but downdip the water ia softened by base exchange and 

* soft sodium bicarbonate water ia characteristic of much of the 

Middle Braineula* To the aest, aa noted, this water beconsa 

brackish* Ia aoae wells ending in the shallower artesian formations, 

water Is harder than might be otherwise expected* thus suggesting 

that local rechargs through the roof is taking place* Water from

Miocene formations ia nearly always rather hard whereas .dug Mrells
4

ending la terrace sends ia soft.

Caroline County liea along the lall Zone. Bedrock crops out 

ia the westeroBoat part of the county. Deep sands are fine in the 

central area* aa at Bowling Green and soas difficulty has been 

experienced in developing larger supplies. In the eastern part of 

the county Coastal Plain sands are thick^snd conditions are favor 

able for developing largs supplies* Port Royal and Bowling Qreen

have municipal wall water supplies and A. P. Hill Military Reservation 
ia supplied by wells*



There are aaxqr doaeetia artesian valla along the Bappehaanoeit 

la Xsaex Coonty (aa la Caroline County) . Tfcppahannodt haa two 

anaieipsl valla* One yialda 200 gp* with 18 feet of drawdown. 

9emel boosing develapaaats* a hospital* and a food processing

plant ana also supplied TV valla*
m«\Vs 

layaar yleld^^up to 1*100 gpllocs a aiiaxte vtth 50 feet of

been drilled at OSrtenae, far the oamldpallty, aa a
/ A

larga dnek fant doanstjiaasi aad aa> a fev> otbar

Balov Burhana Wharf * artaaiaa vater la bracklah aad aaall supplies
t*H

obtained froai Miocene aad Pleistocene atxata.
n

 6 large vail veter supplies hare been developed in King and 

County but at Vast Point, adjacent to lover Sing and Queen, 

perhaps aa auea aa 30 Billion 

dene>loped for aa industrial supply*

Xfe mica of Gloucester Canty, artesian water is somewhat 

brackish* Gloucester baa a Bonlcipel ground later supply in vhica 

la la 355 allligtaaa per liter*

Irtaalaa vatar la Mutbava County la fexecfcisa sad only 

supplies are available froa Miocene and Pleistocene strata*

/^
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Introduction and Acknowledgments

The purpose of this report is to make available information 

on the ground-water supplies in the Middle Peninsula. The data 

presented pertain largely to the depths of wells and the strata 

from which water is obtained, the quantities available and the 

chemical quality of the water. Where ground water is limited in 

quantity or saline in chemical character, effort is made to show 

the practicability of ameliorating potential shortages by artificial 

recharge.

The investigation of the ground-water resources of the Middle 

Peninsula in Virginia was begun in the early 19^0 f s as a cooperative 

project of the Division of Geology of the Virginia Department of 

Conservation and Economic Development and the U.S. Geological Survey, 

Work continued intermittently until 1957 and was completed in 1968.

Ta



Work was performed initially under direction of the late 

0. B Meinzer, geologist-in-charge of the Ground Water Branch, 

U.S. Geological Survey and subsequently under the late A. H. Sayre 

who succeeded 0. E. Meinzer. The work in 1$63 vas carried out 

under the general direction of G. B. Ferguson, Regional Ifydrologlst,
Ri-ajart *\T.

Atlantic Coast Sggtisnj and ttyatt Gambrell, District Chief, of the
4

U.S. Geological Survey. Virginia cooperating officials during the 

earlier years vere the late Arthur Bevan and the late William McGill, 

State Geologists. In 1968, James L. Calver, State Geologist and
~rV%< pw«3i»v\ o~

Commissioner of Mineral Resources was the cooperating official.
A

Some field work in the Middle Peninsula was accomplished "by 

the writer during World War H although at that time the greater 

amount of his work was carried- out in the York-James Peninsula - 

Additional data vere collected in the Middle Peninsula counties in 

succeeding years "by Alien Sinnott, who succeeded the writer as 

geologist-in-charge of cooperative ground water investigations in 

Virginia, and by his assistant, G. Chase Tibbitts, Jr. !£he field

vas briefly visited again by the writer in 1968 at which time a 
number of significant wells were located and additional water 
samples were collected.
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OOLOGY

The area included in the Middle Peninsula (fig. l) is under 

lain by unconsolidated beds that dip gently seavard and rest upon
s

consolidated bedrock, either Triassic sandstones and shales or 

granitic rocks. The unconsolidated sediments are of Cretaceous,
/ x / s  

Paleocene, Eocene, Miocene and Pleistocene age, and consist of a 

series of alternating sand, clay and marl beds (pi. l). At Guinea 

and Ruther Glen, in west-central Caroline County, just east of the 

Fall Line, unconsolidated sediments are thin and bedrock has been 

reached in several wells. West of the Fall Line the Coastal Plain 

sediments have been removed by erosion and bedrock is exposed at 

the surface but east of the Fall Line the basement rock lies at 

progressively greater depths and near Mathews the thickness of uncon 

solidated sediments is 2,300 feet.

Pre-Cretaceous Basement Rock 

Triassic System

Bedrock is exposed at the surface in westernmost Caroline County 

and has been reached by several wells in the west-central part of 

the county (table l). It is of particular interest to note that at 

Bowling Green and Moss Neck (wells 16 and kl, table 2) bedrock is 

Triassic sandstone rather than granitic rock. A wedge of Triassic 

strata is shown on the Geologic Map of Virginia near Doswell, 

Hanover County, 5 miles south of Ruther Glen.- Presumably, infaulted 

Triassic beds may continue northward from there as a narrow band. 

However, ''rock" penetrated at a depth of

10
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1,284 feet at West Point, Immediately- adjacent to lower King and 

Queen County, is here tentatively assigned to the Triassic. It 

cannot Tie assumed that the Triassic underlies most of the Middle

Bsninsula. More 1.AkeJLy»- Triassic beds occur as a series of somevhat 

narrow north-south trending "bands "between irregular areas of 

crystalline rocks.

Water-Bearing Properties

Consolidated rocks ordinarily yield much smaller quantities of 

water to wells than those developed in unconsolidated Coastal Plain 

sediments and will be dealt with "briefly here. The average yield . 

of domestic wells in either granitic rocks or sandstones is in the 

nature of a few gallons a minute. It has "been found, however, that 

in industrialized areas like Richmond, where a maximum effort has "been 

made to develop water from hard rock, some very high yields have "been 

obtained. As much as 3°° gpa per well has "been obtained from deep 

wells in granitic rock in the Richmond area (Sanford, 1913 > P» 85) 

where a considerable drawdown has been used, perhaps in excess of 

200 feet of drawdown. Several out and out failures are also reported.

In -westernmost Caroline County Coastal Plain sediments are thin 

or absent altogether. Here it may be desirable, when more than 

TrrfnlTmTm quantities of water are needed, to drill at several somewhat 

widely spaced locations in an attempt to develop water in some

12



quantity. Developers should avail themselves4 of technical advice 

in order that -wells be located in what appears to Tbe the more 

favorable sites. Where multiple wells ^00 feet deep or more are 

drilled, an average yield per well of up to 90 gpm might he obtained 

from granitic rocks and up to 150 gpm from sandstones .

Cretaceous System - Potomac Group

vj -?

Sediments of the Potomac Group of Early and Late Cretaceous 

age crop out in the Richmond area south of the Middle Peninsula and 

in the Fredericksburg area to the north. These sediments consist 

of alternating lenticular clay and arkosic sand deposits of 

continental origin. Farther to the east the Potomac sediments are 

Tburied Tbeneath a cover of younger sediments and in the Middle 

Peninsula area have "been reached Tby very few wells . At Vest Point, 

adjacent to lower King and Queen County ; it is "believed that Potomac 

"beds were reached at a depth of 800 feet.

Waterbearing properties

Wells developed in Potomac sediments near the Fall Zone have 

not "been conspicuously successful in yielding large quantities of 

water but some miles east of the Fall Zone in the York-James 

Peninsula (Cederstrom, 1957) and south of James River (Cederstrom, 

19^5) the Potomac beds have proved to be excellent aquifers. In 

the Middle Peninsula the few wells that develop large quantities 

of water, as at Tappahanncck, Urbanna, and Walkcrton, end in the 

overlying Mattaponi Formation and little can be said of their

potential in the area. However, at West Point a well drilled in
* *-

i-i \V. ..'?., ~.~A,iVj.



Lo** TOO sgg> -iMi 
19ol developed a million gallons of water "a day/.§t~~ilofeet of

\x
drawdown from Potomac "beds. It is presumed that Potomac strata of 

similar water-bearing potential underlie much of the Middle Peninsula 

from which comparable quantities of water might "be obtained from 

deep wells. However, in most of Gloucester, all of Mathews and in 

lower Middlesex County, water from Potomac beds is brackish and not 

suitable for some uses. Rear the Fall Line Potomac beds are thin 

and may pinch out entirely.

Cretaceous to .Tertiary Systems 

Upper Cretaceous <*«* : Ealeocene Series - Mattaponi Formation

The Mattaponi Formation was established in eastern Virginia 

on the basis of lithology and micro-Ifos sil study of well cuttings 

from wells at Colonial Beach and Washington's Birthplace 

(Cederstrom, 1957, P« 17-21), both of which are located at about 

ilO miles north of the Middle Peninsula. The beds are described as

somewhat glauconitic clays and subordinate sands in the upper
-/ *-*/t^*
perfrlDn and highly colored or mottled clays and subordinate sands

in the lower pnrti'na. The highly colored clays may or may not be 

glauconitic.

Beds of similar appearance have been logged as far west as 

Bowling Green. It was noted (p. 20) in the report cited in the 

preceding paragraph that Foraminifera similar to those found at a 

depth of 600 feet at Kilmarnock were found .in cuttings from the

Moss Neck Manor well (kl, Table £ ), almost as far west as 

Bowling Green.



At and near Bowling C&een the Mattaponi Jtoavtion, as tenta 

tively identified by the presence of aottled clays but Including 

underlying sands, extends from a little below sea level to about 

125 feet below sea level* Bedrock at Bowling Green is at about 260 

ffeet below sea level* Adopting this Interpretation, a thin section 

of Itotoaaa beds underlies the Msttaponi Toraation in western Caroline
**5

County and/ further* the Mattaponi does extend to the Jfell Jaeas area 

bat at tuch a depth that it should not be expected to be exposed at 

the surface* Bather* tbe Mattaponi and underlying Batoaac beds lap 

up against the slope of the bedrock surface and are truncated by 

the JGtocen* overlap a very fay aeiles west of Bowl 1ng Cfereen*

Mottled clays or Mefrly colored clays writing the Biattaponi 

Ibrfflstion have been reported in logs of wells In tbe Bowling Green 

area, as already stated, at tfelkerton and Vest Point along the 

Itenunkfly, and at Bart Royal, Sappahannock, and tlrbanna along the 

Rappansnnock* Olauconitic sands logged at considerable depth in 

veils at Glattcestar and Severn lltesvlse should be assigned to the 

Mattaponi Psraation rather than to the Rytoiuac group*

Drillers' logs at hand are not detailed enough to permit a 

reasonably accurate stratigraphic separation of the Mattaponi 

Toraation froa the overlying end underlying formations in the aore 

easterly pert of the area* At Vest Point aottled clays extend to 

about 600 feet below sea level- If

15



th* anderlyinfc 200 foot aasdy section is also ccaasld«rcd to b* jart 

of tJ» Jfcttaponi, than that tfanaatlon there- is abort 62tO teat thick

As sfecan itt cross ssetias* A*A and B-B , Pfgare^C./, ths 

appear TKnmOaxy of tte Httfcspoai Foroatiaa cannot b* dstaxoined frca 

<2ata la tbt aaatent pert of tba

tiaa

In tbat Matt^pcatt Foraatloo laanm tean panetzatad 

valla tteroograzi tba six cooatiAt oowad Tsgr thla raport*

is oca* gaastitgr ^IBS 'baaa $m£apad frot t3>am only i& tha 

C^aafi^ !Bappafaaiaxo<A> Urtaanaa, ^alkwrtan, and Sloacaatar areas* 

firaai tte slot slat of tta* scxaaoi lixstalladr Ilstad In tba

ta)>laa of  wall ratsirls fbELovfng each coozrty dlecosalon, tha sands

also soggast ttet soai of -tiwr sands daraloped ara

A ylald of 253 gpa \jas dev*L»ped in a vail ending in sands of 

Hatttpooi ynwatlfltt at BU&artau At Tsppanazasoek two valla

yields of 200 «s* vita drwtaei of 28 and 18 ftst respectively 

CbviflBsly higher yields could be bbtaiuad CTGBI thoaa vails by 

inevamsing tba toertown. la Orbamm a yield firon one vail is 

as 1,100 jpn vith 50 feat of dzsvdam; yial4s of 857, 752> ^30, and 

205 cfa ara also reported in the Urbanna area*

It saaos liksl^ that yields of a atllion ^Uoos a day (about 

TOO en) sdgxt be davalopad in aejqr placas In eastarn Carolina-



County, in all of -King and Queen and Essex Counties, and the westerly 

portions of Gloucester and Middlesex Counties from veils no deeper 

than 600 feet "by installing larger diameter casings (to accommodate 

large turbine columns) and ample screen, "and "by utilizing 50 feet
 

or more of the available drawdown. In central Caroline County, the 

section of Coastal Plain formations is limited and good water 

bearing sands are few. In eastern Gloucester and Middlesex Counties 

and in all of Mathews County, Mattaponi aquifers yield brackish 

water.

It seems likely that the zone of coarse basal sands of the
G* C 'V l 

Forma bloB seen at West Point (pi. 1, B-B ) has not been

reached by any wells east of Port Royal. Hence, even larger 

quantities of water may be available from properly screened and 

developed wells along much of the Rappahannock and, of course, in 

King William and western Gloucester Counties along the York and 

Mattaponi Rivers from wells about 200 feet deeper than the present 

wells there . Water from such deeper wells would not be expected 

to have a chloride content appreciably higher than that characteristic 

of water from existing wells.

Tertiary System
s /

Paleocene Series - Aquia Formation

Bennett and Collins (1952) showed that the Brightseat Formation
 ^

in Maryland which underlies the Aquia is of Paleocene age. Loeblich

/ ' » -and Tappan (1957 a,t) determined that the overlying typical Aquia

17



itself is of Baleocene agea

V
Whether or not the Brightseat Formation is in fact equivalent

^
to the upper part of the Mattaponi Formation is yet to "be established.

To avoid lengthy discussion that vould not "be fruitful insofar as
y^

this paper is concerned, the Virginia pre-Eocene section vill "be
I*" ^^ 

referred to simply, in descending order, as the Ealeocene Aquia

Formation, as known from microfossils at Aquia Creek (Cushman,

and the Mattaponi Formation of Ealeocene to Late Cretaceous age



Aqula Fbnnation, aa defined at Aquia Creek, appears to 

thin out eastward from the Fall Zone aa it does is the York-James 

ftninsula (CederstroB, 1957* P- 2k) and may not be present east of 

Tappehannock. Dovndlp the upper hundred feet or so of generally 

glauconltic pra-Miocen* sediments become increasingly sandy and con 

tain acre and more thin "rocit" (shell limestone) strata as the 

Aquia thins and the overlying Banjemoy increases in thickness. The 

lover more osrly beds in such sections probably represent the Aquia

Water-Bearing Properties

As far as can b« determined, the Aquia Itoraation is generally 

marly and a basal sand is very poorly developed or absent* Hence, 

the Aquia appears to be essentially nonvater-bearing in the Middle 

Faninsulsr ares*

Eocene Series ~ Hanjenoy and Calckahooilny Formations

Tba Sanjeaoy Formation of Soceae age vith its easily recognized 

forsainiferal fauna is -well developed not far east of the Fall Zone 

but appears to thin and vanish eastward. As noted aboro, the typical 

underlying Aquia Formation (Cushaan, 1$&4) also thins eastward 

(Cederatron, 1957, pl» l)*



The Tipper Eocene a** +*»*«*** riy Formation, the type locality of 

vnicn i* «t Tarktown (Cnshnmn and CederstroB, 19^5, and Cederstroa, 

1957* p» 28), does not extend to the Fall Zone. It is present 

about a* far inland as Vest, Point (adjacent to lover King and Queen 

Gountar) and Ctppehaxmocfc and thickens to the east fro* a fev feet 

to acre than 100 feet* McLtan assigns 100 feet of beds penetrated 

IB the Criafield veil on the Eastern Shore (Sin&ott and Tibbitta, 

1963, n* 16) to the Caickahoniznf Formation and considers the 

to be absent*

33fee boundaries of the formations, particularly the Oiickahoiainy- 

contacts, are tentative and based in large part on

interpretations of veil log* sad aaaperison with better known 

gaoloqr In the northern Heck and Tort-Janes Peninsula. In the 

eastern part of the Middle Peninsula,, the Chickahosdny-Mattaponi 

contact cannot be detemined jCrosi existing data*

'Sat lithology of the Sunjoaoy and Chidcahonlny Fonmtiona is 

glsrtlar, as far 9.9 amy be detersdned froai veil logs* Both formations



glaueonitic - sends aey be largely glauoseite eand or, 

las* canewnly, qpestz sende containing SOB* glsueanite. A feature 

of th* Socene 'beds Is the presence of thin linestone beda alternating 

with glaacoaltia eand*. She liasstone Is a Bbtiljr fansatioik la 

»falsh sttBb sscsaatisjgr dsposttlon of !£ » IMW tsicsa plaos» 59 regu 

larity 1ft th» oecaxrrsoes; of thsssr beds can be discerned. Clsytf 

(or aarl) stzata are present fircm place to place* QMS* are ordinarily

Sanjefloy and ChiciotitOBiny beda were developed by a great 

ssstH dlaneter flowing wells along the BapjsJiannock Btver 

eroond th* torn of th* ueutmy* SOB* few of these are still in use

vtxsrtst, largely in Htddlsssae aad Essex Counties. 2her* are a nusber 

of older well* around Sing aad Queen in the county of that nsae 

that obtain water fro* th* flmjeaoar ae do a lew along upper Gloacester 

County on Tor* RiTer. 9esst of these relatively shallow Jetted well*

t'^i^tMiyl^jp ylflgffgj

send setexal nell i!ire«su'MBl estib11»hmsnts at Sappahannoek; utilise 

SBC* wells^tssJay. The ton of Ssluda obtains Its Bsadeipal supply 

frost Chlekafeoalny beds as do a few schools* Horerer, in Iar0»st part, 

wells tapping the Soeene fonsfttlomr supply water for dontstie use«



Miocene Strlev - CheMpMdce Group 

Uthologle

Bwr CheApteke group of Hioetse fOxmtloos eoosistPof 

of attrl teds vlth Jrtnar ist«rtMcUtad «m.d». Mloc«a» «tr«t*

throa^hoat the ATMI vhar* itjtaiui bftT* eroded the avarlylB& 

fit the wntexn pert of the arwi, the tee* of



tbe Miocene rises above as* level* older lieds KM ocpceed slang 

ttee SKpsaiixaaocfc sad TfrieniTrej Hirer* and the Miocene strot* arm 

exposed only sjfc the* higher elevs&ifiBs elang tributary *tresss«

the Mloe«a» is «x?oced «l*o «lon« th* t»o largit rivers

do> not report the pi'sssnoe of giibcrdinets sandy "beds 

is tfae Miocene in aost logs of veils in tbe central end veetem

 SsflXriv fli^t ^SeaMa 4H3P0K^ ^uBL liijJSfl&JStuim^GltUf \v9G3X^^9^ flvVwEJL^MsT ^9mi^j3£C ^^Jft x&^LS^9CuDs^£

aeaft or sead end abell feeds 2en0» tram 50 to 100 faert in depth* 

IDs ^vrt'TfrtTre Cotnfey tjms ere aefor "jeTTir reasjins HPf*y*^y fa^m 17Q

otT tbe Zend ereas ere partially siizrrouBiIed IQT hay ^aturs end 

rupted hy tidal etresBSt veSer firasi Xjocene heds et 80f 120^ and 

195 feet is reportedly taacfcisiu Sal* condition im probably also 

characteristic of 900* areas in Sfcthevs County ttet are aore or 

less iorroandad ^r "bracfcUh wters* Sanfocrt (p/222) reports that 

  110-foot veil at ntehetts (acrthveet of Mrthawm) fouad vefter that 

ISM too salty to aee»

ttay «all yields here been deteloped froa soet wells ending 

in Xioeeae strata althoogi at one locality, Irlc, in <XLooeeeter 

Couaty^ s yield of 30 gpn vas reported and 20 to 30 gr« is .reported 

for eevesml veils in Matter** The- very fcigi yield* 200 &e^ reported 

at 0«yna Iclaod Coast Ouard rtatioe, is uniqua -tT^flrf^f a> vater front

11



v*Zl* la that Miocgoa- i* coaotmad. It naiaa claar tiat team plaaat 

to pZfte* quantities of mfcar soamdmt gtaatag thaa that obtainad 

for <fanwrtla aav ooa Vi danralopad from JUaoma- strtrt* in th* anrtarlr 

part of tb« ganlnanla^ tNi ma tor is i«j3arra4 to tha log, of th*

ct Bnr ft>lat Caottsovt* g3fy?cagtar Cowrtar^ aa- aa Illustration, of 

fltyonfapia* JDOOOS* avctiocu* Bam

thlcfc but man* t&xblm j*m encoont«r«d vlth tte fla» 

fiwfc tNtlX convtarastttd wui Mad £w* ftt ft discisKr2av of 

cEtt Htt at M£>ar wrta« of pcaplng acch aaad

taoda4 to clog* Suufc ^Ua could pr^aftly 

tftJitnn«f>i<iB> of aa arttflsial sand packr aa vm* dco* irtth thai 

wall a* 9nt MbKt iSanftrtf Vet tb» rolcnw of ¥«tcr amiiab

y»U irtflfc aly teto « ayataai inln M^ tim   aand twp 

aaaftiiay %ot thara- -vottia ^a- tha> danflar of gram* «oll«pa« 

tf nona-tAiffmll* attna aand var« zanovad firoa tha- ground iq

Tba* dfcttat toad ftlao ta«lcat* that thara- ia tha- dangar of

feo&** if naa^^uftL larga ^o«ntlti«i, say » vazr £BV handrad

«5aut«, vart yiaqpad ow « loo« parlad of tisau 

to XloeaMi atrata Is la larg* uaxt local ty *^o» aa^pa^t doim 

roof mtarlal of flncscl^ lor paaaaakllltj. Torthar^



atiatai 9X9 pawfoably dlscQBtimuxm and MQT not ]>a 

of &99£ XvtavajX axtasfc* Hjnca> upon long 

poaplng ^M lladtad vtozm^t la t2» finab iMtaar ted« vlll tod 

"to fet dapltfted ^**4 i*ta p^Hf^ ^Vif^ Isy ' ttter fttBK {SHMttpaAktt Sajr °^

only 1ft or ae«r the «feov» la loc*lltl«« ^wre puaptag is aodez«t«ljr

On^lZH2O69« UT tfQ^B VtUUi f^dk tWCQMa ''^f1^******1*!**** DQT

i«tar» tbqr vooIA profcably fi*e«hta acals after a parlod of



naiatooana Serlaa - Colunbim Group

TEb jQ»t«rnaiT ^ratea la tha Virginia Coaatal Plain la xvpva~ 

chlafly lay dapoaita of aaad aad clay that BaantLa tha 

ona to a helgtt of about 270 feat abova aaa lawal, ibara

they hawa> not beas raaoved %QT aroalco* Ousae dapoaita ara collee* 

tlvely called tha Coluribla group* According to Wantworth (1930)* 

tha Pladtatoeaoe dapoaita below an altitude of 100 feet ara chiefly 

itoereaa thoaa above 10O fleet ara dbdafly allar£al, baring 

depoelted aa delta* aad flood plain* of rlrere* Cooke (1931) 

thlnka they-were ftwaed la tn« ocean aad eatoariee itea tha aaa 

fltood at tarlooa hel^rka above/ tta pieacnt laml* B» haa reeognlaad 

 krlna aharelliMw at altltodea of about 270, 215, 17&, U0f TO, 42, 

and 25 ftoet aad ampeeta that there are othera that hare not yet

According to Osoka'e <*1 a««1f1 ration, tha depoalta that 

acooBmlated during thaae aeran atagea of hl^i aaa level are thaoratl- 

divlalble Into four parta* G»ae four dirlalone of the

groop ara aapazated fron oaa another and &OJB the 

aad pra»?lalatoeaaa depoalta %gr oaeoofDznltlea repreeantlng eroaloa 

Intarmla taring which aea level atood loear than daring the next 

rtagt. It la aoppoead that tha five eroalon lactarvala



corrwtpond to glacial stage* of tb» Plciatoceaas, and tha* ti»

of tba ^^tigft^^ group accumulated during 

(Cooka>

!Sba oldaat division la tte Brmncfenrlne foramtion, corpwpondlng 

to a M* Irwl of 27t> ffcet* Q» mart oldUMt dlvialoa ineludaa ti» 

Cfahmria Jtewtloi (ahor^lln* 215 ** * abov* pi-caent se* Level) and 

tha Suaterland^fbi'nBtiQtt (ahorellaa 17& feet). The third dl vision 

tbt Wlcoalco fpnmtlon (02101911119 100 fact), t2» BBBholomgr 

(shovelia* TO ft*t)> and tha 3aXbat_fiasmtlOB (showilne

AMrt). fiiaaa tbra* famatloia prnmabl/ aara eonfonaBbla^ having 

dapoaltad at aaccwMilTwiy lomnr atioaa of aaa level* 15» fburtli 

ou&gBfft dlvlaloit ctntadEsa tibat ButLlco ̂ tcnav&lon^ nbova* shorallna 

ctood 25 faat abova aaa> l*w»l^ tbe dbaterlaad^ Vlecnleo^ and Ptellco 

ava- tba aoafc vidaljr diatrlbutad fbEBmtloea of tha Colmabl* _®ponp in 

aaatam Vlrglni*. TI» BrandtywiDa and Cbbarl» f east narrow frud* along 

tba waataaai Ixxrdtr of tha Coaatal Plain j Boat of the Benholowmy and 

occujijr aa^uKrioa roautiwsta vtthls tha oldeor tarvaoea*



a- f*  .x">CO-«'*>V<, Vi  >

The terrace deposits yield water to- thousands of shallow dug 

or, less commonly, driven wells. In the lower part of the peninsula 

these deposits and Miocene beds are almost the only water-bearing 

units drawn upon "because the deeper formations yield brackish 

water. . vta,\\*ŝ
Installations supplying more than domestic needs are almost 

entirely lacking on the Middle Peninsula, in contrast to the area
J^'vrCei

just east of Richmond where several do^pjps and schools do develop
a/O'v^ ff

more than minimum supplies . About k or 5 ( gallons a minute) appears
A^- -*

to be available to pum^s operating several hours or longer each 

day (Cederstrom, 1957, p. 6k). One well east of Richmond drilled 

in the gravelly terrace beds characteristic of the higher westerly 

part of the Coastal Plain, has the unusually high yield of 36 Spa- 

Such results could only be expected where conditions are especially 

favorable; a coarse sand or gravelly water-bearing stratum of wide 

extent which holds a rather large volume of water in storage and 

which is easily susceptible to recharge. Shallow wells penetrating 

fine grained sediments, either with small catchment areas or located 

near deeply incised streams or rivers that permit lateral drainage 

as springs and seeps will yield poorly except in periods of high 

rainfall.

The volume of water that might be drawn from shallow wells 

in wide unbroken terrace/several square miles in extent is large. 

Unfortunately the development of this water would require installa 

tion of multiple wells spaced over a wide area and a considerable

Ik



investment in pumps and connecting pipeline to "bring the water to 

points of use. Infiltration galleries, either open or as intake 

pipe "buried as many feet as practicable "below the water table might 

also "be considered. However, except in the eastern end of Middle 

Peninsula where artesian water is "brackish, demands for more than 

minimum supplies can "best "be met "by drilling deep wells.



Quality of Water

Analyses of samples of vater collected from representative 

deep wells in the Middle Peninsula show that those waters are 

similar to those present in other parts of the Coastal Plain. 

These have "been described in some detail in Virginia Geological 

Survey Bulletin 68 and are discussed still further in the litera 

ture (Cederstrom, 19^6 b).

Briefly, watery falling upon the earth along and for a few 

miles east of the Fall Zone percolate^downward to the artesian

"beds and then mova-^owndip towards the continental shelf. These
<*«

waters are slightly acidic due to carbon dioxide absorbed from

the air and from dissolved plant acids. Upon entering the ground,
^V.t U^ter ?*»-^»*"S «**-H"»-A.

K^agJ:!^^ :§^t£e&<£ bs&w&«d Ssaigtjssu&r.

dissolve'Tilmy minerals in the earth material and the 

water commonly becomes hard within a few miles- of the outcrop area 

although the total amount of mineral matter in solution is quite 

low.

In very short distances, however, these hard calcium bicar 

bonate waters come in contact with glauconitic (black) sands or
V>

other earth material having the capacity to adsor^ the calcium

and magnesium content of hard water and liberate sodium to the 

water in exchange. The water thereby becomes a soft sodic water 

although its total mineral content is the same, or even somewhat 

higher than it was originally.



CJOyLjUl(COBsa> JL& 4a\HaapflBaa^a^B?''''i^ft^a^P'''Sa^ GIDFQLatiiOtt wOOXCC3F^ + QiMPflWICPaV 58^

^ k^QBaaw vatflB u33JuBDRauPOQaiaaat  aaaTdOkB* j?aVavGav »^3B?TS Xfiflflraat^wa* '^iBflf uQPw'GBlSBiaa* OQt

aoft» aodlutt bicarb"

IB

Although ctwtainad IB a cloaad arUaian ^rataai aad abut off 

fro* a aoorea of ataoapharia eaztom dioadda aad plaat aeida, althar

iona, tha- bicarboiaa*<r narvwrthalaa* toeroaaai

Oft tha other htnd tte aalAt« ooaoantrmtJLon» 20

2t "vaa pvopoaad \0titeif >ti*oay l^ao b/ ttarts tlia istaxaotiott of

%JaaW fRttAZBiwV d»OBL ^IRkCaft CQ^pflBCCvCr ttK&9Sf+Jk** «L9l vB(a% 4U^v993UBl&  MfeBuf' flBBJa^JSaTap^J

£paar caa^on dicodda idiidt than, (aa cartarrtft acid) acta ctpcax l±ar 

aatarial la tha aadinasta to pvoduca calolua bl<HDrtwcavta> ^hlch 

laaadiataly bacaa* ooumtad bgr baat ascchanga to aodixat bicaxbonat*. 

xba yauUBvjMpa abaaooa of aol£kt9 aad tba nwaooa of ^fasy &IJBI 

bicaoftaaata! la thua acojunUd for la vatar* tram artasian valla 

aoaa dlataaca> aaat of tba Imll Zona.

At aaatarn Ctpolina/ Xin« and QOMB and laaeat Conatiaa aca* 

of tba ahallfafar artaalan ^ictar* ax* diatinrtly barter than tba

2
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deeper artesian wtsre* lover in bicarbonate and higtsr in 

These appear to reflest recharge directly daeaasrd throogi the 

sligstly perseeble marly roof rocks* arrte* moved laterally only 

 heart distances througi the artesian fcasavtions* beae qtchang» has 

not been folly effset&ne **& *£**/ Tiiealritrniii of the solftete and

increase in bicastorste has*'also Isggad* 

Still ftrther doradip Seep vsll iwtars beeoat btmckiah* la 

Middlesex

Ooenty and in all of Jfctbawa County tha chlorlda content of daap 

vail -watara is higter tbaa tba 5 to 15 oa/1 charactarUtlc of tfae

contend of one deep if^lli vejter is 2^o8T HB/I and in easternnDst* 

County as sooti as l^dStO sw/l* 

saline* va>ters in the Tirginisv Coastal Plain are not

day estosrins or bay vetars~ Bather^ as first pro- 

posed uSf saDjToortl Ci?»i^^J* t>B89^ are/ tns residua of aajLjusa ssters 

¥ith shich the sadiaa&ts vere oace asttomted. Up-dtip/ fr»mh vatera 

SBterina; at or Dear the fall Zone have flashed the formation*

 W^p vC^ TwW flataVip VM|^ Z^jttJB133Mr £3POC9flHft fiflUK D9Q& jXtCCBCPjjaWfc^t

sad tbaiMrtsra tbaro az«tea«kia)i to a greets* or laaaar

Smllovar valla yield wtar^at zafXaet the cfaazsetar of the 

fornatioo, in itftiffb they an fcwnd or te*e paaaad tteoo^i. d*

valla daratloped in the terrsoa ftoaatioca tbroogjiout tb» area.

nnly yield soft vatar of Ttry low Htneiml eootenfe but if the

nails vaadi tha underlying aarly bada tha vstsr is usually soneirtmt



hard* Jfcttad wll* tQdi&g fajjBB&flii 4iwr m<^*ffy^ UDderl^rtlBS tto

fQRKtiaa* yield HKt«r rangju« ftoni soft to aligrfcly

thm 30 ag/1 total 3«rtoM«) , Uter*



-T
Water-Bearing~Prepert ie s

Watery-

The Coastal Plain Province of Virginia is the one area in 

the state where ground water in moderate to large quantity can be 

obtained with ease almost everywhere. In the Middle Peninsula, 

as elsewhere in the Coastal Plain, only moderate quantities of 

water can be developed near the Fall Zone. Further, in the lower 

portion of the Peninsula only "brackish water is available from 

artesian formations. Nevertheless, in an area from Port Royal to 

Urbanna on the Rappahannock and to the south of that reach, wells 

may be constructed that will yield 1 mgd (£ million gallons a day) 

or more practically everywhere.

Use of large quantities of artesian water for industrial-wwe

for almost three decades at Franklin and West Point suggests that
-   

equally ' large quantities might be developed in the Middle Peninsula

or Northern Neck area where total draft is at present rather small. 

This indeed may be a practicable and inexpensive source of a large 

water supply . On the other hand, it is not to be thought that the

^available water in the Coastal Plain is limitless. Determination 

of the amount of water entering Coastal Plain formations is a 

problem that cannot be completely solved for several reasons. Yet 

reasonable approaches to the problem do afford an excellent idea of

the magnitudes that should be considered if a"' awni'Mmm development of
A

artesian water is to be considered. Such developments might be very 

large local industrial demands (which seem unlikely at the moment),



development of large quantities of water for lent flow augmentation 

of Jtappahannoek or Mattaponi Rivers » or as supplementary supplies 

for nearby or mere distant cities*

Following the methods used by Hack 01966, p. 34; also, 

Fends, 1949, p» 236) in Maryland, George Tarver of the U.S. 

Geological Survey has calculated (Written communication, 1969) 

that roughly 140 agd could be obtained fro* artesian formations 

from a series of closely spaced wells in the area 12 alias east
£*

of the Fall Zone froe Fredricksburg to Petersburg utilising a 

drawdown to the base of the Miocene formations. Die Middle 

Peninsula "share9 of this volume would be about 20 to 25 og«J.

Such a determination should be thought of as onlyfhelpful 

rather than absolute. First, the method necessarily assumes that

almost all the water flowing eastward in the ar&sian beds under
^-. 

the assumed hydraulic heed can be* captured. Because this is

mechanically impossible, the figure given would be somewhat high. 

Second, data on the water-transmitting properties of the artesian 

beds are only rough approximations* The average transmissibility 

may be greater than the assumed value of 25,000 gp ft day it 

could hardly be smaller* Third, and probably most important, it 

is not known how much extra water would be transmitted straight 

downward through the less permeable roof formations when artesian 

water levels are lowered by heavy pumping. This amount would be 

large where the roof formation is 4M^dy and smaller where it is 

marly.



A great deal of detailed data would "be necessary before any kind 

of an answer to the question of roof leakage could "be made.

Lastly, it must be "borne in mind that in the Coastal Plain 

where formations are more or less continuous, or at least inter 

connected, over very wide areas, a deep cone of depression around 

a heavy pumped well or group of wells will spread widely and draw 

in water from great distances. If a heavily pumped unit were 

established at Port Royal, for instance, water would flow to it 

from intakes to the northwest, west, and southwest and a discharge
%

could be sustained that is much greater than might otherwise be ex 

pected.

In brief, the problem, generally speaking, is insoluble from 

the point of view of the tremendous amount of detailed data needed 

on the highly variable composition of the geological formations, both 

the artesian water carriers as well as the overlying roof formations.

Another approach is to consider what is happening in the
*?rc'-:   >& 

Virginia Coastal Plain today. Total withdrawal of &«?@ain water

might be as much as $5 ^gd> yet as far as is known, no great in-   

crease in the hydraulic gradient from the Fall Zone to centers of 

heavy pumping has taken place. This suggests that the isaxass&xi 

development of artesian water might be several times greater than 

the present pumpage rather than only twice as much.

When all io oaiA and done, undoubtedly the most worthwhile 

and critical observation to be made is to see what happens to water



levels "between centers of high discharge and the Fall Zone. On the 

"basis of these observations, reasonably valid conclusions may "be 

drawn to the effect that the great artesian water resource is 

approaching a certain limit or, conversely, that the limit still 

lies two or more dimensions "beyond present total discharge.
^»r 4r.< f.vV^ ?^u^.'Uw

The 20 to 25 mgd figure arrived at above has a validity only
A

in showing we are not dealing with .a' inexhaustible resource.

JBrackish Water j          £>

As mentioned above and as discussed in detail in chapters on 

Middlesex, Mathews, and Gloucester Counties, artesian beds in the 

lower Middle Peninsula yield brackish water. The presence of this 

water not only precludes the possibility of obtaining bounteous
V

supplies of fresh water very cheaply but is a source of danger to 

heavy pumpers in the adjacent fresh water area. Where heavy con 

tinuous fresh water discharge is maintained near the boundary area 

between the two water types, a cone of depression is created that
£A VW*l\ Ok^ 4_

will spread ^ssts^Aamaesss- eastward ^jg^^^siaaasanHBasssea westward!:
-H'-e W^v '-' > '-uy-r^v*

and will tend to move inland and contaminate the fresh water wells. /

The spread of a cone tending to induce westward movement of brackish 

water will depend, among other things, upon the long term sufficiency 

of fresh water moving in from the Fall Zone area to the wells . With 

ample fresh water moving eastward, there will be little or no 

danger of brackish water moving updip.



Tvo thoughts relative to the brackish vater area aeea vorth- 

vhile. first, brackish vater is not valueless for all purposes* 

It aay be used in certain cooling operations or, conversely, its 

heat aay be extimetad. Industry aay find such cheap vater ideal 

for certain purposes, for example, in Bswyoi't Have, a gas plant 

uses brackish vater for scrubbing gas* Maintenance of fish, shell 

fish, or wild duck habitat aigxt be considered through addition of 

brackish artesian vater vhere such areas are endangered by pollu 

tants or excessive drought. Pure brackish artesian vater voold be 

ideal for filling sviBBing pools that will be constructed in the 

lover Baninsula area, a section given over in good part to the 

recreation industry*

Rasping brackish vater in quantity vould have the effect of 

Invsrtng the nonsal hydraulic gradient fro* the brackish vater area 

tovail inland centers of puaping and vould thus inhibit the? BOveBenl 

of brackish vater in that direction. Utilization of brackish vater 

sdgfrt therefore be encouragad as a mains of promoting s modest 

econosdc development of the area as veil as a step in inhibiting 

the vestaard Bovensut of brackish vater inland.

Bechargs of Brackish water Strata

An expsrlsent carried out at Chap Iteary, near Wllllsmsburg, 

7a., ahnved that it is possible to store fresh vater in brackish 

vater artesian beds (Cederstroa, 1957, p. k6) . Seventeen Billion



gallons of water from a surface supply were recharged through a 

deep well. After a "brief interval the well was pumped and it was 

found that the first half of the recharged water was fresh. With 

continued pumping the water discharged gradually -ao£ took on more
 

and more the character of the format ional water.

The practicability of storing very large quantities of fresh 

water in "brackish water formations is "being tried out under care 

fully controlled conditions at Norfolk at this time of writing.

In the lower Middle Peninsula it may "be worthwhile to consider 
A

the desirability of similarly storing fresh water in the "brackish
^(r

water artesian "beds . Fresh water in modest quantities is generally 

available there from shallow wells-. Small quantities might "be 

injected continuously during, say, 9 months of the year to provide 

a larger supply to "be pumped "back during the three summer months 

of much higher demand. It should "be pointed out 

that there are technical problems in the functioning of such a 

device and it would "be "best to seek specialized professional advice 

"before carrying out any recharge operation.

In providing larger quantities of water than are now available 

in the lower peninsula, the alternatives to a deep well recharge 

operation in the lower peninsula appear to be (1) small surface 

water reservoirs subject to high evaporation and pollution, in 

many instances requiring long pipelines to point of use and

liable to failure in times of drought, (2) batteries of shallow.

wells requiring much flat land as well fields, relatively high 

maintenance costs and, in most instances, considerable investment



in pipe hookups and pipeline to point of use or, (3) * trunk line 

bringing vster 30 or to miles down the peninsula from m surface 

or ground-water source serving a number of ccanaaitlss* If the last 

mentioned arrangement is considered, it -would seem that an artesian 

vatar source would he th* more desirable and by far the most 

economical in that pure water could be obtained at very low cost 

at the source and filtration, would not be required. At the present 

stags of technology and anticipated needs of the lower peninsula 

ares in. mind, a desaliniaation plant could hardly be considered in 

tost am acceptable cost to the average consumer could be achieved 

only where extremely large quantities of vater are produced.

Artesian Vster Hitfkts and Sydrolaglc Concepts

3Sm> attitude has been takes la some parts of the Coastal Plain 
that s political subdivision owns th* vster that lies in the 
artesian formations beneath that subdivision, presumably based on 
th* concept that artesian: vater is s static resource not easily 
raplsnlshahle*

&ovlng that much vatar eaters the artesian beds along the 
Tall Zone and thart an indeterminate quantity enters by roof leakage, 
vfisre the shallow vatar table is hi^ber than the artesian head, and 
knowing also that vater levels decline from vest to east,°may con*

thst vster in the artesian beds is in transit. Water 
enters the artesian beds la the vestsrn part of the Coastal Plain, 
sores slowly eastward and is discharged by veils, by slow upward 
leakage throu& the roof where artesian head is higher than the 
shallow vster table



and perhaps moves on out toward the Continental Shelf. A continuous 

replacement of discharged water is going on.

Darcy's Lav shows that the volume of movement eastward depends 

on (l) the character of the formations, (2) their thickness and, 

(3) the slope of the water table. The latter factor may "be thought 

of as the pressure head. The first two factors are fixed but the 

slope of the water table is variable.

Under natural conditions, that is, before the drilling of 

many wells beginning about 1890, the slope of the water table was, 

very gentle and hence the amount of water moving eastward in the 

Coastal Plain formations was small. Discharge was probably out 

to sea or upward through the roof.

With the construction of many hundreds of flowing wells on 

low ground, artesian water levels were lowered sharply in the 

vicinity of those well fields- The pressure system was tapped at 

low levels by these wells (e.g., artesian head may have been 30 

feet above sea level and the well outlets at 5 or 10 feet above 

sea level) and water flowed to these wells from adjacent areas 

of higher pressure. The combined effect of pressure lowering 

extended many miles back and in the Fall Zone area water levels 

may have declined a few inches or more.

By 1920, the total movement of water eastward through the 

artesian beds, was undoubtedly greater than it had been in 1890. 

Not only do we visualize the discharge of many hundreds of wells, 

some of which had flows ranging up to $0 to 100 gpm, but we see

8



also from the point of view of hydraulic* that the slope of tbe 

water table is somewhat steepen very aligfctly steeper all along 

the western Coastal Plain aad smiswhst aore steep ia the general 

area of the flowing wells*

& using aore water aad Increasing the slope of the artesian 

water levels* aa increase ia the rate of aoveaeufe of artesian water 

bad taken place* 2ae slight lowering of water level* in the 3*11 

fine area bad also cmeataU that much acre space to absorb rain 

waters foiling upon the surface ia that area* 3jr this tiae aa- 

reatrloted dEev»lopaemt of flowing veils oa low ground bad *******fh*^ 

artesian pressure* ia aany areas to the extent that scne veils OB

iX3LfiOtteF dSrvQfiCl fiC^ mJSG^SOSP jTifl(PBCle> £P9 ^He^ J3EO6(BCiev JsOlHUflRJ^a- vCHpVTS «Me9

artesian beds zwaaiaed Jtast ae full of water ia 1$20 as they were 

in 1690.

j^ jivjr»iwer xarss fluta ia eastward flow of arteeiaa watssr was 

aceoBiplishsd ia the period from about 1920 to the piesaat vita the 

construction of aany mmicipal and a JBnr indnstrial wells, water 

levels were lowered locally, soaetiats sharply ia the ianediate 

ricinity of heavily punped wells* coaes of depreseioa spread widely

aad the general eastward slope of artesian water levels was increased*
*A Vita the decline of artesian water levels near heavily puapttfer wells*

aany flowing wells ceased to flow> althoogt aaple water oootiausd to

be available firat thea by pomps* RegBrAlese of the salva0» of water 
formerly wasted by flawing veils (&t* of then were equipped with 
s&otHxCf mlvesjy



it is apparent that a very ni'ieh greater volume <>!.' water is being 

discharged at present than vuc true in 1920. Briefly, more water 

was made available by drawing from lower levels (come pump intakes 

draw water from 50 feet or more below the uurfaco). Only by 

using more water, accomplished by depressing artesian water levels . 

locally and increasing the eastward artesian pressure slope, was 

it possible to gain more water.  ) 

/.;.' V' At present the artesian formations are still as full of water

as they were in 1890. Thus, the "concept that artesian water
A

beneath the land is as static as the land itself is utterly with 

out foundation. The concept that the supply is limited is valid 

only when we J:hink of total discharge several times greater than 

the present discharge. Certainly a cone of depression develops 

around a small flowing well or a group of heavily pumped municipal 

or industrial wells but this "cost" of lowered head is one of the 

'prices- of acquiring additional water.

From a long term point of view, it vill "be impossible for any 

individual or political subdivision to "r,ro';ocV vhat they consider 

their own supply. Pumping in adjacent or {-.-> r:-. r^r.'jvhat distant 

areas will slowly draw in artesian water ?rf .:\ v: trover pressures 

are high, following the accepted princ:! r, , r . '.:.**.'. VM'.CT flows down 

hill or, in this case, the precom'o «3 < /,' '  

In an Atlantic Coast state ". m.l.: '$ t"*5 rccerrt \y ."-^.le that no
**  /<

new well could be discharged whvr<; vaV-r lev*is to < »;.;/ l-reexist-ing



veil would be affected. Obviously, since an increase in gradient 

is required to bring in additional vatar* no new veil* can be 

constructed in the Coastal Plain of that State if the ruling is 

adhftred to*

In conclusion,. it la suggested that it is a proper function 

of the state to address itself to the problem of aanegaaent of 

ground vater in the Coastal Plain. Much acre vater is available by 

depressing vater levels locally. She effect of lover vater levels 

in individual property owners1 veils created by municipal and 

industrial pumping and the interference of municipal and industrial 

veils upon each other is presently deserving of much deliberate 

thought and eventual conclusions based upon the hydrologic, economic, 

sad social factors involved*

ov Water

Much of the Middle Bsninsula, in fact Much of the entire Coastal 

Plain* is covered by candy terraces* some of vhich are a nils or two 

in length and perhaps a a£L» or aore vide. Such essentially flat 

sandy areas are subject to rapid recharge and may absorb, on the 

average, as Much as a million gallons of vater a day per square mile* 

B» terrace deposits are not very thick, 30 feet being the

thiekoass in Boat places, and during periods of lov rainfall they 

drain laterally into adjacent streams. Hence, the amount of vater 

available at any one place is rather snail and not too great a 

reliance aey be placed on their capacity to supply adequate vater 

in tinea of drought.



Connecting up a series of shallow -wells and delivering the 

water pumped to some distant point of use would "be very expensive 

and the volume of water delivered would vary greatly from season 

to season. However, when we consider that the Coastal Plain is 

roughly 16,000 square miles in area and that a goodly portion of 

it is covered "by terrace formation, perhaps 10,000 square miles, 

we are dealing with a recharge of 10,000,000,000 gallons a day, 

a volume that is much too large to "be ignored in long range planning.

As stated, capture of this water, in small or large part 

would "be expensive "by conventional means. Storage of the captured 

water would also "be a problem.

It seems entirely possible that terrace water could "be 

drained down into the huge artesian water reservoir "by means of
Ci*. »>

suitably constructed recharge wells, thus eliminating both the
A

cost of a complex small yield well system and storage facilities. 

Such proposed recharge wells would consist of two elements; a 

6- or 8-inch diameter "shallow" collector well extending to the 

bottom of the terrace formation, with two or three feet of screen 

near the bottom and an inner 2-inch diameter injection well. The 

inner pipe would rise just above the level of the top of the screen 

of the outer larger diameter well and would extend down to an 

appropriate artesian formation where it would terminate in a short 

screen. Thus, where differences in head exist, water would drain 

from the terrace sands down into the artesian formation. With the

12
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top of the injection veil extending slightly above the top of the 

collector veil screen, the water level in the terrace formation 

could not fall "below the screen level, unless influenced by other 

factors.

Such a device was constructed in Anchorage, Alaska (Cederstrom^
snd \M*r

a«d Trainer,* p. 64). The experience shoved that it will "be

necessary to work out economical construction and development 

techniques "by experimentation "but there is no reason to doubt that 

this can "be done.

The water recharged into the artesian "beds would help restore 

artesian pressure head locally, thus lowering costs of pumping 

from deep wells. In substituting injected terrace water for 

artesian water moving in from long distances, an addition to the 

total deep well supply would "be gained.

As inferred in the paragraph above, the recharge water would, 

in effect, "be picked up again "by a nearby artesian well and used 

locally or piped to some distant point of use. To be quantita 

tively significant, multiple recharge wells would be necessary. 

In many places extra recharge to the terrace formations in which 

injection wells are sited could be gained by leading spring or 

stream water flowing from higher terraces across the lover terrace. 

Assuming the ground was available, normal overland drainage from 

the terrace in vhich the veil field is located might be inhibited 

by small earth embankments or by ditching.

13



The terrace -water, under nearly all circumstances, would "be an 

organically pure water in that the formation itself functions as 

a filter sand. Likewise, upon discharge from the injection well 

and in migrating to the pickup well, still further filtration of the 

water would take place. Naturally, in such a proposed scheme, pro 

tection of the system from pollutants of all types should "be 

rigorously enforced.

In conclusion, the device could "be used simply to maintain 

artesian head to a greater or lesser degree where head has "been 

lowered "by somewhat distant heavy pumping or it could "be implemented 

on a much larger scale for the purpose of adding significantly to 

the total supply, particularly near centers of heavy pumping.

The device as sketched out above will not function particularly 

well in introducing fresh water into brackish artesian formations 

in much of the eastern Middle Peninsula area. A great deal of the 

land there is low, artesian levels may be as high as the land 

surface and sufficient head differential is lacking. On high ground 

drilling 2-inch injection wells to the depth required, 700 feet or 

more might be both difficult and overly expensive relative to the 

improvement in quality of water that might be expected.



Logs of Wells

Following each county discussion a number of well logs are 

given. These are, with few exceptions, drillers' records of 

formations penetrated and are the "basis for most of the discussions 

of the geology and, with the well records, the "basis for conclusions 

regarding the hydrology. Many of the logs were obtained directly 

from the driller, others were reconstructed from suites of samples 

furnished "by the driller. Several logs were obtained from files of 

the Virginia Division of Mineral Resources and a very few were 

taken from Samuel Sanford's report on the ground -water resources of 

the Virginia Coastal Plain.

All designations of the geological age of formations penetrated 

were drawn "by the writer. Boundaries were generally drawn on the 

"basis of lithology "but in a very few instances were "based on study 

of microfossils in samples at hand. In many instances, a comparison 

with the "better known geology to the north and south of Middle 

Peninsula was helpful.

r.ccT72t.ic diits far twining to tha ^Mrious counties !:i - 'e been taken' 

fron ^ scrips of occnoraic d«c*. sunGuriuc >^.o.'.ici.cd by the Mvisian of 

21-nninr;, Office of .\draini3. tr«»Cion t Coverrrjf's Office, Urlchrnonc, Va.



Caroline County

Caroline is a aiddla Virginia, county lying Just southeast of 

Trsderlcksburg. She Bappahannocic River fox-ins -see boundary *&& the 

Hearth Anna-BoaunJaey Rlrars the souther*? boundary* The area Is 

529 square alias* B» population, vaa 13,381 in 196)0 but as of 19&3 

an increase to about lU,OOO gaems probable* The largest towns are 

Bowling Green, vlth a population of 528 in I960 and Fort Boyal vlth 

128 in I960.

!She population vae about half rural in 195O but Is estinated 

to be only 19 lereeut rural in, I960* This shift is due more to 

nonagrlffultural saployaent outside the comity rather than to a 

najor defelopoant of lintiistry is the county. MMmliacturIng of vood 

products in the county is carried on la several, locations of the 

county and an alntsintss product cospany is located at Milford*

 ^Q percent of farjB UBQOBS) was derivsd XTQBB fleldL crops* 

tobacco* unjiTiiauj* corn and vheat, about 20 percent each 

from llTestoefe and dairy products and 10 percent each from poultry 

and forest products.

A* P. Sill Military Bsservation* 120 square miles in area, la 

located Just east of Bowling Greea,«ad adds to leea mtasui'e tm Mie

tJ.3» Hl^way Ko» 1 and Interstate 95 cross the vestern part of 

the county. U.3. 301 connects Bowling Qraen vlth Blchnond to the 

south and passes northeastward to Port Royal, across Bappahan&ock 

UlTer and on to Maryland. State Route 2 connects Bowling Green 

vlth Xrvdericksburg.



da Ricfcaond, Fwdtricfcaburg and Potoamc Bailwy poases throug*

* ACtooXlzB CotmtQT* A Ji>MPg8V ti*£flo 10 handled bjr both

ftnd



o 
 Caroline Bounty

Caroline County is the westernmost of the Middle Peninsula 

group of counties. Here unconsolidated Coastal Plain sediments lap 

up upon the older crystalline rocks making up the Piedmont Province.
*

The crystallines are exposed in the westernmost part of the county.

The Geologic MEtp of Virginia shows that the oldest sediments 

exposed are those of the Aquia Formations new-coasidere^*fro~'&e of 

BaJ.eocene age. These crop out along Rappahannock River in the 

vicinity of Moss Heck and along the upper MEittaponi in the vicinity 

of Milford. Sediments of Eocene age, the Nanjemoy Formation, 

overlie the Aquia Formation and are exposed along the Rappahannock 

and the MEittaponi. However, throughout the greater part of the 

county, Miocene marls overlie and mask the older formations and 

they in turn are obscured to a large degree by a veneer of sandy 

terrace formations of Pleistocene age.

The MEittaponi Formation of Paleocene 'and Late Cretaceous age 

is present below the Aquia Formation in central and eastern Caroline 

County but is not exposed anywhere in the county. The still older

Potomac group of sediments undoubtedly ase- present at depth in
-£ #-

central and eastern Caroline County but little is known of mest.

-Cretaceous Basement Rock
v/

Triassic System

Basement rocks have been penetrated by several wells in western
, -to.bl« I <»£ J.'y 3 

Caroline County (1-6, 8, 16", il). Records do not show what type of
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rocfc vaa pretest la the** deep nell*» At Zadyv&itn as& Bother
/^' i

eooealidBta* rocfc vee reecbmi eft* rwp*rU-7»ly,/2AO>nd 115 f»a* 

above oe* level* At ladjnraith ttte rede vea aoet likely czy*taliiae» 

of the typ*«poaed at tte ituri^c^ in lmtdi*tely a

CkcrolliMi Coi&xt^lflte itt ttzsd Arouui Buthay (Slj0^« th* 

Ilk02ar «f- «ad«toa» anil tlrnl* oT IrUuwlc ag»* Ifcrd elay!' 

arferock at w j^vt la **U 6 «t Corollat Flaw

«t3txth ioccthtMt of Sothtr QI«; llr iirt«rp(t«t«d to IMI soft

«h»l««* *Eodfe ' rwpartsd at 270 fto*tf If accept^, 

plac* ^ drock «t aonr ttoa 200 flwrt l»iow its position *t 2nther

rocJt -««  p«&*tx«taft la a

*t 90M«U ^ilfiH lim  ataMBCWnHr Bootii of Botbcr

la JEtower Gbcaty «t «S»oat 150 

1957V p« 7&)»

roctai  wet* jeeaohtd «t a ^Gtpth of VTT AMrt» 260 fact 

btlcv at« l*rol, la t2» oLJ aoaiclpal v«ll at .Boiling C^«en. Theane 

thny c3B«ijt of « swria* of «l±«rnatlag madittaaM «ad si»I0«# 

ganrmlly tdi or team In color* 0»alt* wi eaeocirt«a?ed la the 

«BM wll at 1,160 fiMt, 9^5 f*** *&* ao* IrroU

!Ete OCGCDRWM« of te&rocfc is mil ^1 at toss 3ss& Jtmor i« of 

mop* than usual latarwt la that at l«at 200 ffccrt of Trlatsslc b«da 

£*B*tvtttad by a >t drill* S» hi^ly color*! "clay" reported 

tba driller abom a AtptJi of 5^0 fact canactt IM daf taltely

to «lth«- Trlawic or younger Coastal Plain facraations on



the beads 9f th» description at bend (see log, 4-1 , table 2- ). 

Sanoo it la possible tbat the bedrock surface lias hlgar at 8oss 

Seek than as shown la tS§aan y > section A-^4 f » Howmner, es shewn, 

the bedrock stxritoee lie* ^tott 350 fwrt bslov oaa Lsvmi at 14o«i 

ilfcnoor, that is* 90 Aet lover tban It la at Bowling Green*

S^nstani "  T^taams Ovoup

AltaaE-oating aaacta sad clap* of the Poto»a group ac9 vail 

naarth of ^raderlc&8burs text occicp only a^dspth la Oagolina)

vhita clays and aaoSa listed 1ft tha drtllars' log of 

deep veil (16) at Bawling Groan Iwtvaea 365 end ^77 feet era 

tesrtattrely aesigad to the- Bstcnae O^oap* BMervexv the
^_Twtveess tdbMtaei tMds end oworlsrlos &om hlgftTy colored aedldants

A

that ar* eeelgrurt to tb» Kfttt»ponl yoaaaatlon eenoot be> cfcreim 

accoxataly,

Tha log of tbe deep vail (^l) at MOM Sack Izsdicatea onlr 

tbet gqaarimfe M^^ily colored cley* He between (probable) bedrock 

and fairly chageeterlatle Xocesae and Palaocene beds. SMenrer^ It 

leans lively ttet beds at thai fttooftc Group me penetrated In 

that well* At Sales Coraer/ the Oeapest beds penetzated la well k& 

eve assl^ied to the aotcemc Qroup* Save they sre tisply referred 

to bar the driller as "ela^r" or "alternatl&s aend end clay*'1

It can hsrdUy be questioned that tbs Potoaac Qroip of eedlnentg
JL^ 

and eve aeTeral hunftrtd ftect thick in eestera

Ctrollno County.



Cretaceous to Tertiary Systems

^. 
 Upper Cretaceous 'and Ealeocene Series' - Mattaponi Formation.

f ^ A^Wjt v.w ~ \^/s
The ftkttaponi Formation of I Paleocenej %cr Upper Cretaceous /age.

characterized by highly colored mottled clays and glauconitic in places, 

is believed to be present as far wes.t as Bowling Green. "Mottled blue

and red clay" is reported at 15 to k6 feet below sea level in-w-el-lr-22
Ci*,-t*tf*2. J

in the USO well and "red, blue, and yellow clay" is reported at much 
A

the same depth in the old CCC camp well (23) lj miles east of Bowling

Green.
is

"Yellow sticky clay," reported in the deep town well icg->\

(l6, feble 2. ) from 9 "to 70 feet below sea level. It may be noted
>

that at Oak Grove, Westmor eland County, fossilferous glauconitic yellow
^ A 

clay of Aquia (?) (Faleocene) age was encountered in a well at about

200 feet below sea level. Yellow and yellow brown clays, with older 

indeterminate fossils (Cederstrom, 19^5, p. 17, 1957, p. 19 and 

Sinnott, 1967 ), continue tiM»r~to about 500 feet below sea level. 

Returning to consideration of the Bowling Green well, yellow clay is

reported as deep as 150 feet below sea level, thus suggesting that the
ti_ 

1-fe.pjpaponi Formation is at least 1^0 feet thick.

At Moss Neck 1-fe.nor (well ^l) which is less than 2 miles east of 

Bowling Green, "mixed tan and white clay" at 130 feet below sea level 

should be part of the Mattaponi sequence.



IB tbe blue clay strata* (289 to 33$ foot depth range) immediately 

above the "sized tan and vhite clay1* a aeager forandnlferal Anna, 

nee found that appears to be aladlar to the assemblage found at 

600 fleet near JtUmarnock* Hence tbe top of the mt taped ia placed 

at the base of the "stone" (probably thin, liaaatone and sand strata.) 

at   depth of 289 feet ufaich 1* Ok feet below aem level.

At Sal** Corner* near Bappabazmock Academy (veil k6), the 

foraetion 1* las* distinctive* Blue clay reached at 106 feet below

 am level probably rapreeenta tbe Mtttaponi Tornatlon.

At Port Royal (veil 53) felue clay penetrated at 159 feet belov

 a* level probably narks tbe top of the Mittaponi Jonaatlon. Bed 

clay* penetrated at nearly 200 feat belov sea level 1* certainly 

Maitapoal* D» thickneaa cannot be aaaeaeed on the baaia of veil 

log* alone but certainly the "Uaeetone" and underlying vhite sand 

i* part of the eequenee^ tJ» Tntnlmna thicimeea then being 121 feet* 

Isepaetioa of the <rro»« section A-A * SajureT ^ suggMta that tbe 

fbnaition i* ouch thicker*

^ougfr elay granulea of adzed color*, gray, blue, red* roat* 

unite, and brown" la reported (32, Tibia 2) at Acoia Corner, 3£ 

adlM east of Bowling Owen, at about 200 fieet below sea level* 

PreaiaaBbly overlying lithologically leaa distinctive strata that 

are reached by the drill at about 86 ffeet below sea level should



alao IHI assigned to the Mettaponi. Similar beds vere alao reported 

at Flail Boole lake (veil 35) and Acois Corner (veil 32).

Eke Hetttaponi Tbnartion appear* to be absent at Ladyamith 

(veil l). Between Bowling Green and LadysariLtli those beds lap up 

against a bedrock surface that rifles somewhat sharply In a -west 

ward direction. TOtether or not the Msttaponl Formation cropa out 

Just above see level along the HappHhnTgrick In easternsoat. 

Spotayltania Caonty la yet to be detemined*

QM yellow clay peoatrated Is a veil at Bsnola (28, table 2) 

at 1°5 £**t Is probably at or near the top of the Mattaponi section.

Tertiary 

aileocene and Socene Series - Sanjeaoy and Aqala Jbrmtions

It 1m. known that the lover tmlt, th* Aqula Ibsnatlon, la fairly 

thick along the Tall Zone but thins oat downdip (Cedera treat, 1957/ 

p» 2^). The overlying Sanjenoy is relatively thin or absent along 

the Fill Zone but thicleans downdip (see cross section A-A ^ pi. l). 

advancing Hanjenoy



Caroline
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sea eroded the seaward portion of the Aquia beds more deeply than *>

it did where that sea approached its shoreline somewhere vest of
J* -tV^-v j**s.*- 

the Fall Zone. Relatively thick Nanjemoy beds were tlr^n deposited

upon the Paleocene (Mattaponi-Aquia) surface. In succeeding Miocene 

time another advancing sea transected the Nanjemoy "beds (and any

Late Eocene beds that may have overlain the Nanjemoy in Caroline
<>,.v.v^ O

County; "but cut more and more deeply as it advanced westward ctae
.jk

to a previous slight seaward tilting of the Coastal Plain as a 

whole.

The base of the Aquia Formation can be estimated with a fair
<>«-4-«r<m*a-t>»on *i

degree of success from well logs at hand but the stratigraphic top
^ 4

of the Nanjemoy (base of the Miocene) is more difficult in this
Out i»><J

county than elsewhere etee to erosion of the higher beds and rather

meager descriptions of the formations in some of the well logs at 

hand. As indicated above, no attempt is made to define the contact 

"between the Nanjemoy and Aquia Formations. *j
Along Kjiappahannock River, the Nanjemoy and Aquia Formations 

crop out the full length of the county. However, at higher elevations 

back from the river the Nanjemoy is overlain by beds of Miocene age.

At Port Royal the top of the Nanjemoy Formation may extend to 

about 50 feet above sea level and hence is not determinable from 

logs of wells there because they are situated on lowe ground.

The base of the A?uia is considered to be the thin sand penetrated 

at 193 feet (159 feet below sea level), thus making the combined 

NanjemoyaAquia thickness a little over 200 feet thick. These

X7
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combined formations (tliu. oil rto.unT"i"ty r-rmrQ are at about their

max'iioum thickness here. The same "thickness relationships

"been shown to occur in the York-James Peninsula (Ceder strong 1957>

Xate 1).
s**

At Sales Corner a mile vest of Rifappahannock Academy, & veil -*K» 

first encountered glauconitic beds at about 60 feet above sea 

level. The series of glauconitic beds and basal sands continue 

to about 106 feet belov sea level. The combined Nanjemoy and Aquia ( 

are thus about 16k- feet thick. This corresponds reasonably veil 

vith findings at Dogue, a fev miles to the northwest in King George 

County (sinnott, 19&7) where inspection of micro fossils helped to 

establish the section with reasonable accuracy.

At Moss Neck Manor (well ^1, table 2> ) slightly vest of the 

Sales Corner locality, the Miocene -Eocene contact is arbitrarily 

placed at 80 feet above sea level. On that basis the combined 

Nanjemoy and Aquia Formations are about 160 feet thick.

Elsewhere in the county top of the Eocene is somewhat difficult 

to recognize from logs at hand. At Bowling Green a stratigraphic 

break is recorded in the log of veil 22 at 80 feet above sea level. 

This is probably the contact between the Eocene and overlying 

Miocene beds. The Aquia, and possibly thin overlying Nanjemoy 

beds, appear to be 95 feet thick here, extending to 15 feet below- 

sea level. Presumably it is at about that level in wells at 

Howards Corner (33); Aco*s Corner (32), Eubank Corner (34), and 

Fish Hook Lake (35).



tea* of the Aquia 1* aaxfcad by * *flne blade sand" atretuB 

that extende to 76 feet below sea level at Sawzda Corner. A 

aiailar atxatuai It pveaent at Xobenfc Corner exteada to 56 feat below 

aam level and at Aeon Corner to 62 feat below aa* level* Xfe the 

latter two localities the glauconttlc ctxatuai ia 89 and 110 feet 

thick*

At Oimce Omrch (56) tba baee of tbe Aqula aey be at 5 teat 

below aaa 1*7*1 at the baee of "bin* elaar*" At Guinea which la 

north and about 5 ailaa neat of Bowling Graea the baee of the Aqula 

la about 30 feet above sea level* The 31 feet of atimta ̂ bove thia 

level nay be safely aaalgtad to the Aqula and it la lifcely that
JL

aoat or all the overlying &. feat *tougi blue olaj'* la alao Aqula
* l\

la a«t. tte top of the- Aqula, or Bujeacgr if ffleaeat ahoold be at 

about 120 feet above aaa level here*

Jfcnola ia «otrth and sll^Jjtly neat of Bowling Gteea. She A^oia 

ftonaatioOf if jveaent^ cannot be aapazated £pcu tba 125 foot stratum 

of "blna aarlrf raeordad la the log of veil 28*

At Bather COen (6) ^blne and" extend* to about 80 feat above 

aea level below vfeich rlhazd aeady elay;f is thou^tit to repraaeot 

waathaieil bedrock. Agalaf differentlatioa of the "biua aud" cmnnct 

be fltda on the beaia of the data at head.



A-f«r

Rock 

Sfriaaai* System

Ftwa of tba valla tfcat end la Tjaamaint roefc is Caroline Count/ 

yield £rcn 7 to 35 gpa* It la thoo^rt probable that these valla
C^ ^«w<p

and la tfa» Bewarfc IVjiimUlja of Trlasaia see. da two valla ylalcting 

about 30 gpa (V £* tabla J ) ara axooad 300 faat daep. It ia 

poaalbla that Qounbft laargocr y101da Bl^rt bw9 'twas djttaload APUB 

tbaaa valla aai £rca tba other villa aodiag In feadrocfc If tba^r bad 

baea oaatlnoad to daptba of 350 to 1$Q fiwrt *

da daap vail at Bowling &ae& davalopad only a llttla water 

firoa tba Trlaaalo Dada and taadarlTla^ granitic rocfea* Jit Moaa Ifeck, 

tba Sriaaale 0aetioa aagr not hava baas adequately taatad   or aot 

taatad «t all   tmamnch aa tbaze tha jat driller vaa seeking a& 

mrnrmaol'Mataft Band fbraatlon.

Cmtaeaooa S^rttaa * Potcnac Group

Aa diaeoaaed «berm^ tba Potoaaa Oroap of aedlaaata of Karly 

Oataoaooa a0t haw baas pa&atmtad tgr few valla in Caroline County 

and little can be <ald of their vataET-fceerias potential except that 

in tha central part of tba county, aa at Bowling Green, they 4o not 

appear to fea higfcly productive*

Ih eaatera Ourolina County, tavazml hundred feet of Pbtomac

aadlaa&ta are alaoet certainly preaant* At Port Royml the Pawers veil 
(53) !  bellavad to penetrate over 300 feet of Potoaac bedj. Tbe

10



the Potoaaa feeda and the overlying Mfcttaponi Jteaetion la placed at 

31k feat* below « section of colored clay* and * thin liaestone 

stretcau Ih the Potoaac aaetlon? aa shown IB the log, amad la fairly 

prominent* It leeniB Utoeljr tbaft installation of multiple screens 

f ollovad tgr tha thorough developant possible In a larger disaster 

wtll would result Is * fmlrly hl^Ji ylald nell. yurther, addltloml 

* praaant at eran gi'8a>tay dapth«

*CC^ ^JDE^KLifcPSr

£U^M

Cretaceoue ttf ROeoeene Stria* - ifettaponi Fornetlon

On A. P. H111 MUitaay Beservetion* north and eaet of the 

ding Qreen aree^ eevezml veil* (32-35) ending in the lover pert 

of the Mtttapont ytxnaation obtain tnm kO to 50 gpa vith drevdoene 

fipom 32 to 115 feet* The screeua in these veil* are all 

and it 1* possible the* greater yields nigh* harve

obtained there If the landa penetrated vere, in atct, aedlua to 

eoene aanda aad aereans vlth vldsr alota had "been uaed* Several 

velle in aad aroond Boiling Oveeo (18-20, 22, 23) develop aenda 

M^ar In the Mrttaponl section. Qoe of tha town veil* (13) ylelda
_ Cl*^

75 SPB %ut tha jlelda of the others ie not known*

A nafee* of vella in the feaa feck-Bart Rcyel axee along 

Bqpfpahannoek RlTcr end In eaada in the Mattaponl yonartion. Srreral 

velle are around 170 feet deep aad are thoogrt to end In the upper 

part of tha Mattmponl Toimtion bat other* derelop a 0aad that llea 

aove than 100 feet deeper (eee log of veils k6 and 53)*

U



Th* 0308 taat mil (37) at Ifota Btcfc vaa j«tt*l to about the 

 aaa dapth balav sea latal aa nell fc6 at Salaa Coarear* Sba 92 faat 

of Vlrttaponl aaetloa, aa atacvn la tha log la tttbla 3. vaa sandy 

to gswally IA Tai'ifliat part    pcrbapa w faat of aatarlal could 

bcw iMaa da^aloped la a jorodoetlott vail* Tha vail vta loeatad at 

aa aXavatloa of aboett 20 ftet abort Ma laid aad bad a flow of 

gpt* Ckaiag naa 3 inchea ia dlantar and oxttndod to ^8 feat 

-2am atarfaoa. Tba floa thaiaffoya rvpomanta th« caritrfnad ylald

Is old 3-lneli «all (38) la tha Moaa Sadt area drwloped 70 gjo 

at 1*ba tina tt vaa drlllad but It praraaably dawlopad vatai*

qrtaatua ool7> about t»o-tblrda tba vay ^ova th» Mrttaponl
A



Ifclseeaas Series - Aqtiia

2t 1* not certain that any veils in Caroline Cotorty obtain 

 meter firaa the Aqota I^raetioa*

Heiatacene Series -

A gjsst anqr roiml infaabttasta obtain tba-lr vater «upply Cram 

veil* raacina: trtm 25 to to f«rt la deptfa. 03» Mnuot of vater 

tteed I* geoMmlly -very nain» IB sceat places nunerwia bead of 

cattle n« also nrpplled froa almllaw veils*

JU MUTord an ic* plant (26) obtains its v*tar firom * du« wll 

25 fast deep* ds dzmft is  add to ba- aa aadi as 2O gpaw At Baools 

« doff veil (31) aappllea * oaUl uanuex-j1 and pickle plsat* Bare 

re>(Et brines taw saHnima th» supply la tits lan*tl*t« 

of the* plsnt.

r of

lib



Water in Coastal Plain formations enters those beds in the 

central and western part of the county but at first has only little 

opportunity to gain in dissolved mineral content. The entering 

rainwater and snow melt is slightly acidic <3**e to its carbon dioxide 

content and, being acidic, takes limy material into solution as it 

travels eastward and becomes hard. Hardness is present as calcium 

(and less magnesium) bicarbonate.

As the artesian waters percolate still farther eastward they 

come in contact with sediments having the capacity to exchange 

sodium for calcium, as a result of which the hard waters become 

softened although the total mineral content is essentially unchanged.

Royal, -as an example of such a water]. This change from hard to 

'soft water is seen in the difference between samples taken from the 

area of recharge (9> 13 > 3&> 'i&ble 3 ) and the sample from Port 

Royal (52). Those near the area of recharge are somewhat hard and, 

as seen from the high bicarbonate, have already undergone some base 

exchange. These waters, then, are sodium-calcium bicarbonate waters. 

At Port Royal deep Coastal Plain water is extremely soft but some-
- s>

what high in sodium bicarbonate. As is characteristic of water from 

artesian aquifers in the Coastal Plain south of Middle Peninsula, 

the concentration of sulfate does not increase much d«e~to break 

down of that constituent by biochemical action (Cederstrom, 19jf4p.'-»-)

Waters from wells hk- and ^8 at Rappahannock Academy are most 

unusual. Water from artesian aquifers that is both very hard and



high in sulfate (l62 ppi in the sample from veil 48) are unknown in 

the York-James Peninsula and in the Coastal Plain south of James 

River. A sample from Fairview Beach (Sinnott, 196?) from a rela 

tively shallow artesian veil is of this type, however, and contains

n ,Y*A/> OW'^/2.

05 Pi»i of sulfate and 270 ppn. of hardness.

It is thought that the hard high sulfate artesian waters may 

have teen derived from local recharge near Rappahannock and Potomac 

Rivers. In passing through the fairly permeable Eocene teds that 

crop out for some distance downstream from the Fall Zone, these vaters 

gain more dissolved mineral content.than those vaters entering older 

artesian aquifers along the Fall Zone. Having traveled a much shorter 

distance, they have not had much time to "become softened "by "base 

exchange nor has the sulfate  & be^broken down "by "biochemical action.

Most of the vaters from deep wells are only moderately mineral 

ized and are excellent for domestic purposes. The harder vaters 

should "be quite suitable for irrigation "but the very soft sodium- 

bicarbonate vaters present in the lower part of the county are con 

sidered quite unsuitable for that purpose. The very hard vaters 

found'at Rappahannock Academy are somewhat troublesome in domestic 

usage,

Only one sample is at hand from a well that obtains water from 

bedrock (3, "iable 3 ). It is a somewhat hard bicarbonate vater.
rm$/x

Hardness is 99 ppa.

Some partial analyses of vaters from veils dug in the terrace

formations are at hand, but are not given in Table J . They range
h   

in hardness from 18 to 78 PP^ although only two out of 9 samples



have more than 50 ma/1 hardness* Bicarbonate ranges from 8 to 86 mg/1 

In samples at hand although it is more commonly less than 5° mg/l» 

Other constituents are low* A few samples contain as ouch as 17 ag/1 

of nitrate, suggesting that organic pollution nay be present.

A sample from a veil (31, Table 3 ) contaminated by vaste brines 

from a pickle plant near Bsnola contained 1,5OO og/1 of chloride and 

had a hardness of 216 mg/1.



Tfcble ? . Logs of veil* In Caroline County, Va

6, Jtaicipallty, Bowling Grtwn
(Log Ijy Sydnor Ptimp aad Well Co.)

a-/^ 
Altitude 215 *«et

Sot described

Aquia (1) Tbxsavtloa (Steleoceo*)

Sand; wtaor

Mod, blu» 

Mattaponl Ftarnation

day,

day, yellow

day, -white

Sandaton*; a little voter

day, unite and ytllow

cave (?) Groui

Bavdpan

L, vater

V vnite 

Sand

Clay, vhite 

Sand

Thickness
(ftet)

209
^k^^^MM^fc \ocene/

3

8

2

6

53

17

vater 6

^^av ' i^^^a^fflejnaVtfv CTjflb^f ^% /^

Gretaoeoua)

2

7

1

16

3

17

Depth 
(feet)

209

213

216

224

226

232

285

302

308

365

367

374

375

391

394

411 '
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tteil 16, MonicipaUtjr, Bowling Green (cant*)

Mod

Stadrtone, town

(feet)

1 

U

 V«» JV- W«H»

(ftet)

1*089 

1,130

red and brown* izsterteddftd 30 1,150
(T)   '.'/ r  ' v ":

, nach I«u ^saadjrtoos ' ; thin 
"nod" layers at intermls to 
iLfkOSt £ut* A dry CTflnricft vopcurtsd 
«t l^UflO fftet and a crvfioa vlth 
SOOD wt«r at 1*509 ftet* 390 1,550



Table 2. . Log* of wells in Carolina County, Va* (coot.)

22, 030 Hou«*> Bowling Green 
Altltuda 2flO foot

Depth

Columbia. Group (Pleistocene)

day and sand/ yellow 70 70

Group (Miocene)

I, bine . TO IfcO 

Aqula, Toraation (PiLtocene)

Mtrl, blue, shall* 95 235 

ttrttaponi Fbnnation

blue and red 31 266

day 19 285

Silt 30 315

Sand, oedium texture; vartar to 355



Tfcbl* 2. .    Logs of veils In Caroline County, Vfe. (cost*)

fell 28, Or* I* J. Head, P&nola

(Log *roa 74. Qtpt« Mineral Resources files)

Altitude 202 ftet

Sxickneas Depth 
(fzwt) (feet)

Group (Plelstocec*) 

Sand 25 2?

Group

Gay, yellow 45 70

, blue ____ 125 195 ^-^ '"   - ----^_^
Tbxnatlca (Jkleocene to Upper

kL 3Q6

Clar> brown 29 265

clay* brom 3^ ^9T

coarse and clay, sandy 11 308



Ttole 2. *  Logs of w»Ha In Caroline County, Vbu (cant.) 

32. A* P. mi Military Beaerrstlon, Acoi* Comer 

Altitode^/feet

Depth 
(feet) (feet)

Oodeserlbed 6l 61 _ 

CbeempBafee Group (Miocene)

Clay, blue-gray 31 1&2 

Aqula Jtojamtlon (Btteocene)

gLntooBite, fine, shell
cltyey 110 252

Stod, flae to aediua; wbcrT 11 263
^B^_»^^^» Ml I   - - ̂ 1

to U^pper

red* mat, white, «ad brown 5 321

Oadeacrlbod 87

Sand, witer 22



Sable 2*     togs of vall* In Caroline County, Vfc. (cotrt.)

33* A* P- H1I1 Military Reservation, Howards Corner 
(Log ftron Va. Dir. Miaeral Resources filea)

(2oeezMr) and Aquia

dictoeae Depth 
(fwt) (fteet)

I Qyotirt C <Hj9ijct*ooeQfi/ 

Sua** floe 12 12 

Steady latdium, aom olay 63 30 

Cheaapeaka Group (Jflocene)

dagr, blue-gray  

Sand, lilatfc, fta» _____ ____ 2% 315

-^ J

2 357 

Sand, clayey 72 429

day, granule*, gray, ^lue, red, 
-rtiite, brown 42

Sand, urnter 52 523 

Clay, gray 1 527



Table £ . Logs of veils in Caroline County, Va. (coot.) 

Well 35, A* P. Hill Military Reservation, Fiah Book lake

Altitude »j£ feet

Thickness Depth 
(feet) (feet)

Colnabia Group (Pleistocene)

Clay, sandy 20 20 

Sand, coarse and pea gravel 6l 81

Chesapeake Group (Miocene)

Clay, bine-gray    

Sanjesaoy and Aqoia Formations 
(Eocene and Baleocene)

day, blue-gray
  «- ^^  

Jtettaponl Tonnation (Baleocene'W Upper C
 ^ ^ - ^ A '

Clay, tougi* granules, varioos colors 207 450

Sand, sadiuB, clayey 102 552

Clay, gray 8 558



Table .  Logs of veils in Caroline County, Vh. (coat.)

Altitude \<\0 feet

CUy, blue 

day, brown 

Clay and sand

Thickness Depth 
(fe«t)

Qroup ( Pleistocene) 

Soil 32 32 

aud, yellow 9 41 

peeJoe Group (Mlocece)

Aqola Poiaatlon (Ailaocene)

^ blue*   220

k .tmjueocen» *s> upper <c 
A^

gravel

; voter

***~* ^

8

15

22

5

12

228

2*3

265

270

282



Table . Logs of wells in Caroline County, Va. (cont.) 

Well 4l, T. V. Houser, Moss Neck Manor 

Altitude 205 feet

Thickness Depth 
x - (feet) (feet)

Columbia Group (Pleistocene)

Clay, yellow / 32 32 

Chesapeake Group (Miocene)

Clay, blue , 93 125

Nanjemoy and Aquia Formations
(Eocene and Baleocene)X /J

Clay, blue 35 160 

Sand and shells 5 165

Clay, blue'i 97 262 
Pf
Stone . 27 289

ttaponi Formation CFal 
TTrpgr Cretaceous^. a»*

Clay, blue . 46 335 

Clay, mixed tan and white 10 3*4-5 

Clay, brown to red 27 372 

Undiff erent iated

Clay, hard, tan to red 118 14-90 

Clay, hard, sandy, tan to white 45 535

Clay, red 25 560
^J '   ' 

Newark f urmafc4on (Triassic)

Clay, hard, tan to yellow 40 600 

Stone k 60k



tftll fel, T. 7* Eou*er, Mo*s Heclc Manor (coot.)

Dtptli

Surd fommtion, taa 3^ 638

Stoat, ao&mtaly bard It 652

aoapatuua (hard clay?, ahala* ) 10 662

aurd fonation, vfaita 3 665

8toa» 20

Hfcrd fonoation, tan 30

Saadatoo*, bard 10

Stoi», aodarataly bard to bard 28 733



2, . Logs of vella la Caroline County, Via. (coat.)

Veil te, A. P. Hill Military Beaerwtion, Sales Comer 
(log by D» J- GBdaxvtroa and L- V- Yoongqjiiat)

Altitude

glanconltle, 
iyrlt«, aharka te«th^ aad

pebblM 1$

(fa«t)

Group (Plalstoccne) 

day ani saad , 31 31

Group (Miocene) 

C2*ar, blut 101 132

Sbella

C3jqr, bla»» trie* of glauconlt* 65

day, gUmeoaitle ^ 158

Clay, hard |

blaat, trace of glauconite, 
a fav aheLU 3l| 190

Claor> bliB*^ ftligstly glaiscooltie IX) 2CX)

» blue, trace of glauconlte, 
a few sheTU 90 290

blue, glauconitic 3 293 

Saad, quartr, coarse 3 296



k6f A. P. Hill Jttlitary Reaerratlon, Sale* Comer (cent.)

ToznatJLon (Bfcleoceoa "to Upper 
Grartmceaas)

Depth 
(*e«t) (fleet)

Qjgr> "blDa, traoft of glaucsmlt* 15 3H~ 
Ctemvel, aedioa texture^ vmt«r 23 33^

C3«y, siltyj «»3r 37 371

day, tllty, grey to red 18 389

Sbnd, quart*, fine, ¥Vter 37

Send, qonrtZt medium^ «ctar 10 

B3tcae43 (t) Group (lower Gretaceoua)

City 6

day and a«cd> alternating 28 450



Table . Log* of wells In Caroline County, V** (cant.) 

Hell 53* V- ?  Fbwers, Part Royml 

Altitude 3*t f»«t

Thickness Depth 
(feet) (feet)

Columbia Group (Pleistocene)

Soil 30 30 

Hanjenoy Formation (Socene) M ::> ' F '"' ~ ^

blue ("rock" reported at
51 and at 63 feet In an
adjacent veil) , 70 100

Sand* gljsuconlte 

Aqula Fnnatioa (Baleocene)

Gar, blue (A thick bed of herd shell* 
134 to IT** feet and a glauconlte bed) 
at 167 feet ia reported in adjacent 
wlla.) 9^ 193

Sand, vhite 

MKttajpni gbraation
(trpper ^etaceooay N 

day, blue

djgr> red/ cruiribly 5 245 

Clay, brown 2k 269 

Sand, vhite k 273 

Clay, compact, sandy 22 295 

Xdaeatone 4 299 

Sand, vhite 15
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Essex County
»

Essex County lies along the south "bank of Rappahannock River 

southeast of Caroline County and wholly within the Coastal Plain 

Province. It has an area of 258 square miles and a population of 

1,116 of whom 1,086 reside in Tappahannock.
«.

Rural farm population declined from k$ percent to 26 percent 

in the 1950-60 decade and in I960 agricultural employment accounted 

for only about 15 percent of the total employment. There are 2k 

manufacturing establishments in the county, most of which are small 

and produce lumber or wood products but two rather large fabric 

plants are located in Tappahannock. Almost two-thirds of the farm 

income is obtained from sale of field crops, chiefly soybeans, corn 

and wheat an^d almost one-third from livestock. The value of stand 

ing timber and poultry products sold is about 10 percent of the 

total farm income.

A number of points of historical interest, largely pertaining 

to colonial Virginia are found in Essex County, as a result of 

which there is some tourist trade.

U.S. Highway 17 traverses the county parallel to Rappahannock 

River connecting Tappahannock with Fredericksburg and U.S. 3&> leads 

into Tappahannock from Richmond and across the bridge at Tappahannock 

to the Northern Neck counties. No railroads serve the county but 

bus service is available. Tappahannock is and has been since early 

colonial time a river port and the Rappahannock River still serves 

as an important transportation route for bulk shipping.



~*A municipal airport is located at Tappahannock.

An accredited college preparatory school for girls is located 

at Tappahannock.



Cteology 

County la uatarlftta fcy tt&eemoHdftted dapoaita of

raat upoa a gxsnitla Mmn»nt rock. 86 -««11» la tb» coonty
A

£TOK dtttl&i to

County «xt at Vtct Point, it M? ^ *« little as 600 fwt

a«i l*rei ia 1±« upper oad of th* eounty and «botxt 1*200 ffeet la

tte laMi s^rt of t&* cocnty*

S^rtrton  » BcrttaMt

and clay Isada of tba P&tona/B group of Early 

QpatBjcaoita aga raat upon, ^adu ou-fc ftstt do not crop out and prooaoly

Cnt«e»ou* to Twrtiary
eT CV«-V«^«esaS <x^

yanatttioa   Bear !BKpp«hia&ode« blgftly colored

 ad siAovdlaata sand* aar* «aeoa&tavadf (loga of valla 10, 15, 2fe, and
xA^^ *

26, tabla ^ ) at mbout 200 ftat telov aaa lawl. 3»a* aza- t«ita-
A

tirtly aaai&ad to tha JattUponi yoraatlw of Zata Cwtacaotui to

lata Mr» H« lyo&a of Tapjpahainnock stated (oval

that vatar baariag glauconita ("bladt 1*) aa&da ara preaast at
10

to 500 faat at Tappahannoac. Howveri tha sand la vail 2$ at 

to 5*o faat la da*cr£bad aa Vhita aaad.^ If glauconitlc bada

Qto
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mm noted by Mr* Zgrona, then all of the section fpcm 300 

to 350 fa*t at SEfcppotemocfc* a* not«a in the log of imll £$, 1m

eorr««tly MxJUEotd to th» Mfcttapoai FortKtloa ratiiar thaa to 

of th» feto>t« Group-



Essex

^ ,01- ̂  ̂"^'" ^

-Black sand is reported to extend to about 370 feet below sea 
A

level in the Clanton veil (26) at Tappahannock, more than 250 feet 

belov the Miocene-Eocene contact. The lover portion of this stratum 

(ao roper-tod by Lhts drillm*-)* should most likely "be assigned to the 

Mattaponi .

A" more pug g ling  pgoMem-oa the brovn or red clay penetrated 

at about 2hQ feet belov sea level (about 150 feet belov the Miocene 

contact) in veils 10, 13, 15, 35, and 36 in and around Tappahannock/ 

&T& appears to be too lov in the section to be the Marlboro clay* 

the basal member of the Nanjemoy Formation. In any event the 

Marlboro clay in its typical development is pink rather than brovn 

or red. Hence, it seems worn- likely that this clay marks the top 

of the Mattaponi Formation and probably correlative (to the extent 

that correlations are possible in Coastal Plain sediments) vith the 

first colored clays penetrated at Port Royal upstream.

Downstream from Tappahannock tan and red clays are first pene-
2>f& 3£t<-

trated at about 3&Q feet belov the surface in veil k% at Dunnsville.

Aquia Formation - The Aquia Format ion, ̂ Saattfari j^Hiyif £&M&*9 

' ] I' Aii T Jjlnjfc'Tfr'fl'i'Btf    is «MP^inaRE9*tfl^B of Paleocene age . Hovever, 

Aquia strata containing fossils similar to the out cropp ings on 

Aquia Creek, although of Paleocene age .can be differentiated from 

the underlying Mattaponi Formation. Studies elsevhere (Cederstrom, 

195T) shov that the typical Aquia of the outcrop zone thins out 

dovndip. Thus it vould be expected that at Tappahannock feliat% the

Aquia Formation vould not be very thick, perhaps only 10 feet or so, 

but,.thicker in the upper part of the county and probably absent a 

a fev miles dovnstream.



tertiary 

Bocene Seriaa

ganjeaoy Poxnation - Aa shown on the logs* tabla 5, glauconitic
% * 

aaad (black sand) and clay and intercalated thin rock strata aakeup

the Henjeaoy Jtametioa of SaaVVRSBae} Eocene age* These beda 

ara aa nuch aa 125 ftat thick at Tappehanaock. Dlffareixtlatloa 

of tiiaaa beds tram undarlylag Agula bada la upper Saaex County la 

difficult* Below Ofeppahaiaaocfc tba naajaacy probably thine; it m«y 

not extend aa fur taatwapd aa Urbanna*

Chictathnalny gtamation - The Chlcteshoalny Ibmatioa la of Late 

looaae age* In thia area, faiaBiaifem defining this foxnetioa vere 

raeoaalxed at a depth, of 12O feet below aea level in a veil at Cat 

Pbiat Creek, Bichaond County, a fev alles north*aartaveat of 

Tkppahaaaock* The fdnartioa thine out updip aad doea not approach 

the !all Zone aad it probably la not present in the upper pert of 

the county* The thickneaa of the ChlckahoBiny in tirf around 

Tappahannock la aaauatd to be 10 or 15 feet* The Chiclahomltty 

fbonaatloa ia certainly preaent at Varea Wharf aad Bowlers Wharf 

where "black sands" and "black aad white ssnda" are reported 

iavedietaly below nondescript Miocene aarla. It Is. therefore, 

asstaatd that the Ghickahoainy FoxBation is about as thick there aa 

it is in comparable araaa in the York-Janea Peninsula. Thua in 

lower Xssex County* the Chickahomlny amy be leas than 50 feet thick*



4 Bar CaesapeaJce Group of Miocene agt omerllee the Eocene deposit* 

 ad <srop« out la seay ?2aea* la Sumc County* Along the Eappahanrtodc 

BSvor 1* i» Twry thla la the upper ead of the county feat i« about 

170 feet thick at the lover ead of the sccnty- Beneath hlgfr grotad

aad at MlHara Tamra 1* profcably about 300 ftet thidt-

Loeaoe xftcnBttjLom are QGDOpoeed larBaJwr of uloe clay 

aad ffutoordtnate fine-

- Pleistocene Strie*

,   .. ^. ^.^ w county la covered by the Cbiusbia group of terrace
^

depoelt* of Tleietoeent «ct» Th* iB»rfTnrn» thlaknem of these aand 

cat ol*y 1)eee? Is about 30 2tet* Out terxftoe depoeite are important 

la thex ^ay ftordali -wetar to « great may ffhallny

Cbfetaoeoce ta Sartltry 

Gretaceooc and Ikleooeoe Serlee

Mrttaponi Fognfftlon * ^Ui deeper than about 300 feet In tba

tap ve£«r»be«rl8g «and« la the Mrttapoaii

14 to 17 end la a candy aeetloa about 370 feet 

beOov MA level* A 2^-iach dinster well tfaet fomiahed vater to 

the tova of Tkpiahaimocic prerloua to 1950 la 360 feet deep. 53»

Carafe vail (24) jtat aootb of %ppabannock endc la the saaa



sezg strata* hi&t in the afettapooi Tarnation as the 360-foot town

vail a* doe* tba Markan veil (28) ftt Brays ?ofc two ails* soothes** 

of
J^F

Jft Zcgwra Acres (25)* 2 adls* «oorth of T*OTfcaanook, voter is 

obtained firm strata * UttL* aor» thaa *00 feet belar eea level. 

She caae stzajt* are tapped \i;iM.euii at laorel fttr^ (11) and MsxyfieU 

(13) ht»atng dBTelopansta*

Ih \Ptll 10 oaly elsjr is jeiJOgtea at aoctemte depths and vater

is defelflfped firaa a> sand iitzfetxm iMKdisd at 51^ feet belov sea leTel*
«  

2he aewar large diaaetear toeu veils (19Q20) develop etzttta at about

that depth ae &es one of tbe o!4 3-ioch disaster tcea valla (Id) 

at ttp^eiaBonDck. Use Tidewater Maaarial ffisepltal, 2| xllss sooth 

jioutheeat of Tappahaanock also obtains water (veil 30) from these* 

deep saadts*

Saafta hl^i in the lajrttapool ee^uence/^ Boeemhat aore tJan liOO 

feet belov eaft level, are 4s**loped in the Joha Maneura- ficteol veil

at Millers firnzs. Bseee are also tapped in veil 33$ at

fecter viH rise to U2 fleet or so above see. level in the deeper 

veils in the rieiaity of Sappehannock vhich is moch as vhat mtgbt 

W eacvected alotog a aajor river vhara artesian syaaaures bare been 

reduced for nare thaa half a century througi unrestricted flair of 

may 'sells on la* ground,

AtttoKgxJfr^^^i^aLt^



90B0 Moderately gsod flows were obtained ftroa anall 

dl»a*tsrwslla iath»a!4d2* 19*0'** Well 1& dawsloped * flow of 

20 gja and wall 9, also aaar apjahannocfc, obtained ft flaw of 15 

T&e latter well is st about 9 S»*t atom »as lawsl- Botfe wslls a*a 

* Uttla) Iss* tlsm *00 feet daap. ustt 10, vhlch drwlopa wt«r «t 

580 to 5^*0 f««t otetmlnad a flov 9f oa^ty 5 gpa> pashapa 'baeaoaa) it 

is on ftUtfrtl? M^ar grooaad* Hbwaver, it aaiima li^a-ly that to a 

iaargr dagreart tba> rarta of flow fron vails loevt«d oa low ground havs 

(sad ^aanhsin) sad fira* tmrlous teptiis dapaoda gracti? opoa ths 

cbsa*ctar of the ftnaartiai fto» -s^ich ths wall obtmlns vfttor^ t3» 

dagraa) to vhldt ths forsmtion is dsvalapad* uttathay or not s aeraact 

YSS ixtstaULLad sadr in ths ess* of old valla, ths dsgras of sand 

that ass taksa plax» ttoou^i ths ymart. 

fliiyly good yfsldls t9 pmps bws IMHB dsvslopad itt rsosnt 

from vslls of larger dlsastsr fiaishad with CCTOSBS* tQ» 

aonicipsl vslls act Tapptbsimcxsk (19* 20) srs re-portsd to yisld 200 

irlth, xvspaettfsl/^ 10 and 28 ftst of drswdovn* Obvlaosly tba

yield of these wells adgrt be increased considerably fcy tastsllstinatt 

of IrtflH catpseity stups that would utilise nore of ths arTSilahlft 

drsvdovju At Lodbern Acres (25), s yield of 100 gpn was Stained 

froa s well equipped with 20 fleet of 3-inch diameter *cresa« 2raw- 

dosa ia thi« iaetsaes was 51 f*at* At Jfcryfield hoosiag daralopaaat 

(13)r s yield of 100 gpi with 3^ fast of drawdown is reported from 

s 6-laaa veil fitted with s 3-isch screen. At the Tidewater Hospital 

(27} ths yield aad di'SitOom were acich the

6

JD3



A few dooMtic veils drilled ia ttoe la*t two decades bam beea 

 quipped iritfc jftreeua «sd develop nail qu«3ititle« of wfcar.

drvwdovn, soacwhat hi^»r yi«lda could t 

potmtiftl of such veil* t* wverelcr liarltitd V tbtlr

d£«Mtcr la that on low ground thiqr ere restricted to the 

of ^action lift armilable to theoi and oa hl^h ground the

ift «m aoEnr Halted ty the cmpacity of the hl^Ji lift ptoap 

tlart eta 'b* installed.



Essex

The upper section of the Mattaponi Formation in the Tappahannock 

area does not contain as thick or as coarse water-bearing sands as 

at West Point which lies directly south of the lower end of Essex 

County. However, the most prolific sands at West Point are first 

penetrated about 350 feet below the top of the Mattaponi Formation. 

At Tappahannock it would appear that the deepest wells only begin   

to reach the zone where thick gravelly beds might be expected. It 

is likely deeper drilling in the county would penetrate additional 

permeable sands from which yields up to a million gallons a day 

(700 .gpm) of high quality water per well could be developed.

A number of wells in and near Tappahannock listed by Sanford

(p. 304-7) at the time of his survey in 1906 are 270 to 280 feet 
h
deep. Apparently these end in glauconite sands that are present 

just below the red or brown clay stratum da^cu&&e4--e;brTvie that is 

thought to mark the top of the Mattaponi Formation here. None of 

these wells had large flows although many were located on very low 

ground. Sanford notes (p. 166) that in one such well the flow was 

5i Spa "but it was said to have been 12 gpm initially. Presumably by 

unrestricted flow of many wells up and down the river had already 

reduced the artesian head. In a 272-foot well<T)niile upstream from 

Tappahannock artesian head was said to be as much as 30 feet above 

high tide level in 1906. A great many of these wells have fallen 

into disuse and very few are listed in "Table ^



goaaatioa * It is possible that tarn valla ia the tipper 

and of the couutj hate obtsJsed neter from the Aqui* tfoxaatioiu 

2ae Aquie tolas oat downdlp and it is aort certaia that the f araa- 

tisa extends as far eesteaaft a« Tappahsnnoefe. Tnsswnrfr aa the 

is scMBatwt acsdavlc^ and fossil srldscctf to

Twtautories is laddlng^ all th» drilled and j

of aodanrtS' 4spt2t ars caositlsrad her* to «nd la

Sariss

yatBartiaa * A faw veils ranglns in 4*pth £rca 1^0 to

ftoet dss? dsvelop -watsr fr» tha glaiiconitic saadst ia tha 

Saajsaer TbttBtioa of SaKrl «n& tttddQLs

Ik ii iiiiiiJiiif in i ii i in in it y«ar», srrtral

Tislls supplying twaiatss aistalilisinasts at Tappabannock hs,v«

ttst draw *at*r fraa ths Unc^eBaogr Faqenation* 52» 6»iach 

veil (21) at tib* Tirfftnla Ice sad Coal Co. is reported to 

an* yielded 82^- gja ufam paqped at the tdta» of its casplttian ia 

1930. It ws flnisosd vita 15 Iteet of 30-slot teass screen placed 

between 138 and 150 ftet* IS* pezaaaent puop bad a capacity of 

60 gpau B» old Bright XtfBber Co. irell (22) sad the veil at the 

tsaxxse Dr. B^pper bottling plftnt (23)1 are of eoaparabla depth aad 

ead la the Stojescgr*

8



The veil aupplylag Cwter Croes School (to) and the defunct>/
«  . * ' * n XHoaeiy CM»«y at Hitter* Tfcvera (w) al*o obtais -water £raa JBasRw 

bed* as do a aanber of daatstie valla*

roraatigo - It Is tfeou&t that sevexal rather

ahalfnv nalla aft Tappa2acaock oad la tb* lover and of Sssex Cooaty 

aagr *** ia the Chlokahottlaar Jtofflatlcn of Zat« Zoeana' «a»- Smplaa 

trlth dia^ioatla ffcraninlftem ara- not aT»llabl«r bowawr*

la « will (36) drillad Izt 19*6 at Bowlera Worf, *blua f aarl 

1« aald to «ctaa& to 1^0 iaat balav tha anrfiua, Twlov T«icJx 1* 

12 faat of "whlt« aaM and abell." Thl« la pniMbljr sand la tha

ycamtlon. Twnrty fiv» faat of "roc^" liaa MlaF thla

aad fro* 177 to 210 fast "Macs, aad *sdt*> aaad" of the Saajeaoy (T)

vest penetrated* &e> *oefc efeaatisi fiwm 1^9 to 16? fast, at 

Barters Eherf, iiriamwaul to be the ChickahcBlay ycwmtioa, is described 

by Saoford (p.' 158) as "strata of roeie 1 to 9 laches thick aad 

6 iaffhss to k laches apart; bias aad aad shells, gray aad red sand, 

aad gravel betveea rocks; Ijwjmesed flov vlth each saad bed peaetxsted*"

9» wall described lay Saaford (aot listed ia table if ) Has

"sit«ted ait the Gerrett ead Soat oyster house oa the ead of the
ggp vterf. It bad a flov of 3P jLlluria e-grfamte at aa elevation of about

5 faet above Mtfi tide aad a bead of over 15 feet* She nearby 

Clsyferoofc ead Baal veil (35) of about the sane depth bad a flov of 

1*9 cn at 22 feet above high tide level*



Series

It la not appwwxt tlatt Miaoaa* f onaertlan* liiclud*

v*XLa from ID t» ^O A«t d««p, so«t^r dag imlla^ obtain

adf Pl*lfftoo«n» cgv* A

ponradl puapg btrfc hKod p*aipp ftn& ^uckafe

to pl«o». 9» aiatlloir ¥«!!« ftartcUh wtar for dowrtic 

la hnmn «ad la a

10



Quality of Water 

War from Sfettftposi and Soesaa Tarnations

Yfetar fJroB dssp noils la Ssssx Cocaty «qr bo «lassad as soft 

SQdln* fclesartomts natar^  Ittou^i tbtra Is soaa real dl£fimacss 

la felesztttnat* coatant sad total tertasss* Stos* -wtaars 

bicBxtaBt* contwit, ^00 to 500 ag/1 (1^ 2, IB,

ttiils u> } «r« Iflf*rlsbl7 TR7 soft vlth a hsxdzwss of l**s tlaut 

20 «s/l» Ciois 'Mtsrs that tev» « blcartonat* cortUct xvsglac frca
. s^\r4uok\W

srotmft 120 to 300 ag/1 ars >sita4an.ly soft -wrtara although harfntaa
^o^Aiex1 ,

£ro» about 30 to 90 ag/i. "da asapla fir-at tba ammlcipal

wllat TftpT^hwmock (29) baa a lor Mcart>ooat«x«nd Is alaoat

Itt iMrtsw dMcv£te& chlorlda and

bard vfttan ax* ordlcarlly tlioaa

£rosi th* «hallow«r nails prwnasja>2j aadlng la tba Zacso* Tbanatioos 

vteoraaa tlis soffessr text aors bl^bly I***IT***^*IB*<^ vatars azv rto^t tits 

dsapar valla sodiag la tba IfctUponi Jomatlan. T!ss saaa ralation- 

sfeip la aofttd 1ft 3Cla< aad Qusaa Ccraaty. Btre» It ssaos Ukslj that

araa Is takia« plaoa downward throng tha 'iagptnsabla^ 

rl ovarl^riaft ths uppanaoat «rte*laa bsds* Iftrtar frtam tha daapar 

lias aovad la laterally froa ths naat> lias a hl^sar xlasral

. and Ivss Itasn alsjtMt cosplataly softanad IQT liaaa tncffhaaga* 

12» soft srtaslsa vatars la SMCBC County ars «call«nt far 

donsstla oss Irat a«y not "ba Bartisfltotoiy for SOBS industrial purposes

U



la that they tend to foam la boHawu jZhe- very soft higfc blcar-
A

booftte natera ftr* particularly oiauitable for irrigation. O» 

 ooavhat harder lower bicarbonate- imtera should be uaed trlth car*

lartar firatt KlocozM and PL»l«toc«»

A ftv a«q?lt« on hand frca aiallow veils abov that ipccter frcn 

thtae v»U« la gpn«r»ll7 m soft or ffcirly soft blcarbon«t« mrter* 

la tte ««aple» glTnan la £fcbL» t , bS2<dBt«» raaeed faron raxy 

la n«t«r firoi vtll ^ to aod«iat*ly hard, 161 pjm la

vail W at Sopply* Blcartonat* la th» softer vctar i* only
i a

5 Wl but 13 114 Wl in^tb* iiaSS^, Hawmr, th0 xw«» of bar

la wttcr £POB ao*t vtlla dvmLoped la tte Plaiatocsn* tarxmo»

1« b<rt»ata 5 oad 69 a^/l «ad la seat laataaees tha- hardna

of over 20 of t^e aeii^Tn takes la ganemlly around 30 to kQ ag/1*

«t jmpply la tmdoobtedly doe -to the fact that the veil either 

enkt beds la the> taxterlydteg Miocene' fbnBKtione or

acidla atellow n«t«r la Plal«tooana bad* o. ,iaiu la contact

vitb I±BT bad* that ehaiamtarlaa tba undarlyliss Klocaaa farsmtiooa. 

(The 98 of the iMtar irsai »»11 to i» 5*3 and froa*all ^ It la ^.9;

tntll at Supply IM k& *eat deep and probably paottxvtes
 the w&t^r frono i't 

I la it* lover portion «»11* ^^rd on that mecoimt*



Table £   Loss of wells in Essex County, Va.

Well \Q , B. E. Bennett, 1-3A miles south-southeast of
Jenkins landing

(Log by W. S. Reynolds) 

Altitude llj feet

Columbia Group (Pleistocene)

" Sand, clayey 

Chesapeake Group (Miocene)

Clay, blue 

Kanjemoy Formation (Eocene)

Marl, sandy, white> thin rock
stratum at bass- 

Sand, black and white 

Clay with rock streaks 

Aquia (?) Formation (Baleocene) 

Clay, hard

Thickness 
(feet)

13

78

28
2

25

Mattauoni Formation tEaleocene)^ Upper C\^-r<»e,eaus c
n i  irm 1rM" "\

Clay, hard

Clay, red-/

Sand, clayey, gray

Hock

Clay, hard, blue

Clay, light to dark brown

Clay, white to yellow

22

30

62

65

Depth 
(feet)

13

95

123

125

150

205

250

302

302J

353

480



Tab 1ft £> «~»Loga of vella la Saeex County, V*. (cont.)

Veil 10 * B* B« Bennett, 1-3A milta aouth»eoutheeat of
jenfcin* landing (cont.)

(log tqr V* 3* Reynold*)

Depth 
(feet) (feet)

Mattaponi Ponnatlon CSleocenaJt^ Upper

Clay, hard 2$ 

day, red to ferovn 1? 

Sfcnd, wnlta; vcter 20

10 550

m/ One-half foot of blaclt send la reported at 97 feet in veil

Soft "brown clay Is reported at 231 to 265 feet in veil id and 
is underlain fcy lj feet of glauconite send. Jim feat jf

nf TiTafTr ner»T>

24*



Table $ . Logs of veils in Essex County, Va.

Well \£ , Overton Brooks, Tappahannock 

(Log by Leonard Reynolds)

Altitude 5 feet

Thickness Depth 
(feet) (feet)

Columbia Group (Pleistocene)

Clay, sandy 18 18

Chesapeake Group (Miocene)

Clay, blue 6? 85

Chickahominy (?) Formation (Eocene)

Shells and gray sand 2^ 87 

Clay, blue llj 99 

Shells and sand

Nanjemoy Formation £ £3c<.it>e.^

Clay and rock 19| 120 

Sand, black and gray ij 121J 

Sand, white^and limestone k- 125i 

Clay, compact 185- 144 

Limestone J l44|- 

Clay, hard   l8j 163 

Limestone

Aquia (?) Formation (^Pa^

Clay, compact 26J 190 

Sand, black 2 192



Table 6     Logs of wells in Essex County, Va. (cont.)

Well I a , Overton Brooks, Tappahannock (.cont.) 

(Log "by Leonard Reynolds)

Altitude 5 feet

Thickness Depth 
(feet) (feet)

, 
Mattaponi Formation/ (Baleocene^ las-

Cretaceous

Clay, compact 58 250

Clay, red 5 255

Sand, "black 55 310

Clay, hard 5 315

Limestone, very hard 1 316

Alternating clay and white sand . 8l 397



Well 26, G. Clanton, Tappahannock   - 

(Log from Va. Div. Mineral Resources files) 

Altitude 20 feet

" Thickness Depth 
(feet) (feet)

Columbia Group (Pleistocene)

Sand, fine . 27 ~ 27

Chesapeake Group (Miocene)    
4*

Marl, blue 99 126

Chickahominy Formation (Eocene)

Rock, hard k ~~~~ 130
Marl, blue . 3 133
Rock, soft 12

Nanjemoy Formation (Eocene) -  

Sand, black, fine . 10 155

Undifferentiated (Eocene to Upper Cretaceous)

Mud, blue, gummy 130 _ 285
Sand, black . 101 386
Sand, white 17

113



Table $ .   Logs of wells in Essex County, Va. 

'Well 29 j Brays Fork, R. A. Markan, (Triangle Inn) 

(Log "by Leonard Reynolds) 

Altitude hO feet

Thickness Depth 
(feet) (feet)

Columbia Group (Pleistocene)

Sand and clay 32 32

Chesapeake Group (Miocene)

Clay, "blue 82 llA 

Sand, white, fine J- 114J 

Clay, "blue 23J- 138

Chickahominy Formation (Eocene)

Limestone J

Clay, blue " l4j 153

Nanjemoy Formation (Eocene)

Sand, "black and white J 153 

Clay li 155 

. Limestone 1 156 

Clay 10 166 

Clay, very hard 8 174 

Limestone ^ 1 175
A <t 

' ^ Clay, hard 32 207

Sand, black . 2 209



Table £ . Logs of wells in Essex County, Va. (cont.) _

Well ££ , Brays Fork,- R. A. Markan, (Triangle Inn) (cont.) 

(Log by Leonard Reynolds)

Altitude to feet

Thickness Depth 
(feet) (feet)

Mattaponi Formation (faleocene\to Upper C
^ J

Clay, blue 63 270

Clay, red brown 7 277

Limestone 1 278

Sand, black' ' ~~$k - 332

Limestone k 336

Clay, hard   4l 377

Sand, white 1 378

Clay, hard 10 388

Sand, greenish, muddy 2k
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Table j> . Logs of veils in Essex County, Va. 

Well 3* , Bowlers Wharf; R. A. Pitts
£ loa^ te} V.«J»Aa.A R^rvsi&s.)

Altitude, 7 feet

Thickness Depth 
(feet) (feet)

Columbia Group (Pleistocene)

Sand, yellow 20 20 

Chesapeake Group (Miocene)

Marl, blue 120 140 

Chickahominy Formation (Eocene)

Sand, white, and shell 12 152

Rock 25 ITT
Nanjemoy (?) Formation (Eocene)

Sand, "black and white; water 33 210 .



-t 
i

So core

Well S?f, School, Center Cross 

(Log from Va. Div.^ Mineral Resources files)
1 " '
< Thickness Depth 

(feet) ^ (feet)

Unde scribed 90 90

Chesapeake Group (Miocene)

Clay, blue 157

Chickahominy Formation (Eocene)

Stone, soft 1
Shell and white sand 2 250
Stone, hard 1 251
Sand, gray 4 255
Clay, brown 5 260
Shells and white sand 5 265
Stone, soft 10 275

Nanjemoy Formation (Eocene)

Sand, black . 5 280
Stone and sand layers 60 3^0

/J20
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Middl

Middlesex County lies along the south bank of Bappahannoek 

Biver and, at ite eastern end, projects Into Chesapeake Bay. The 

land area is 132 square adles* The population in 19^0 tas 6,319 ot

which 512 lived in Urbenna.
*£V» 

JUthougressentislly a rural county only about 15 percent of
* WJL 

the vorking force vas employed in agriculture* The number of

people employed in oa&u&cturing is not large. However, processing 

of fresh and froaau seafood is an Important industry in and around 

tftrbanna, boatbuilding employs a number of individuals in the 

eastern end of the county, and Inmtmr is cut in several localities*

Hearly hair the total farm Income is derived frco sale of 

poultry/ chiefly ducks and turkeys, a third of the Income from field
.-arft

crops - soybeans, corn, and vfaeat/ the remainder £rom dairy products 

and livestock*

ti iTil ii'ftti'frt'^Tftg *te"SUHimfr TlsirfeojRp vho come

to enjoy bathing, boating^ and fishing, particularly in the more 

easterly part of the county*

9*8. Highway 17 leads into Middlesex County from Bewport TSmrn 

and passes through. Seluda and Urbanca and cormecta this section 

vith Tredricksburg and other arterial hi^ivays. There are no rail 

roads in the county but bus service is available. Bulk freight can

smell airport is located at Grey's Point, sevee miles northeast of 

SaLuda.



Geology

Tha coonty la underlain by unconaolldated aadiaaata of 

Qpatacaoua» Ifelaocena* Socane, Miocene, and Pleistocene age* It 

la bellafad that the Potonac group of Xoaer Cratacaoua aadiaaata 

baa not baas reached "by any valla In the county. D» Mattaponi
&/*.£*

ftaaartloa of lata Cratacaeua tv Palaocena a0a la vail daralopad * 

4»*t tha cnmrlylng Aquia Formation of felaocaaa aga la prasonad to 

te soaast* *Bm Banjoaay Poxaatlon of Lower and Mlddl» Socana »ga 

la praaaut and tnlna caatnajrdjbot tha Chiekahnm-trqr Itznatlon of 

Qaaaa* Sooana a^i thlekana to about Uo(T) faat In tha eastern pert 

of the county (pi* 1, aaetlon A-A*).

Qf<* Ci-*-V«.c*dv/% "BckS« iwvv^'f Rd^fe,

Badrack

D«pth to liadrock In Middlsaex Cbvutty ia not known but raaao&*» 

Ing £raa data at Werfc Point and ^aj^BB»a>jniaifiiMi y Matheva-«aaaaav 

It aay ba about 1,1»OO feat In tha tzppaxnoat end of tha county and 

2,300 feat In tha lowermost part of tha county*

122



Cretaceous to Tertiary Systems

Mfcttaponi Formation - The Mtttaponi Formation of Upper 

Cretaceous to Ifelaoeene aga ia penetrated by several deep veils in 

and around Urbanca. She higher beda of the Hattaponi Formation are 

characteristically glauconitic and hence difficult to distinguish 

from overlying Xocene beda that ara glauconitic everywhere. Tha 

lover beda in tha formation are characterised by highly colored clays 

and glaueonite may or aay not be present*

m a veil (19) drilled in 1906 for the town of Urbanas (Sanford, 

p. 22k), it vaa reported that clay aa "red aa paint" vaa penetrated 

between 522 and 5^*0 feet below the surface. This stratum is under 

lain by 7 feet of pink and brownish clay. Such beda ara typical 

of the lower part of tha Mrttaponi Formation. Tha log of the more 

recently drilled municipal veil f§7 Indicates that highly colored 

clays extend to at least 662 faat below tha surface. \

According to the log of veil 9, the higher beda in the 

Mrttaponi Formation ara hi&ly glmuconitic. However, tha vriter 

feels that perhaps Much of the glauoonita reported vaa vashed down 

from hig»r horizons, nevertheless, it is likely that the higher 

beda ara glauconitic to some degree, occurring as somewhat glauco 

nitic blue clays and a subordinate glauconitie quarts sands. In 

tha Shannon vail (20) the deeper strata ara reported to be rather 

nondescript*
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teriss

SanJaaoy rornation. * Ifc ia thought that tha Sanjsnngr yoraatioa 

of Zevar and Middla Soeana ag» aajr ba thin, paxfcaps 10 to 30 fast 

thick at Urbanna but thickar uputnau and thinnar dowaatream. Ih 

any aiasty- it cannot ba diffaxantlatad Jfiroa tha oraplyisg 

Caiacahsaaijay Tomartion bads oa tha basis of loga at hand*

C3iicfcah^*yi^ T?y ysofuation ** TtAvcainifaxa of >2ata Socana ft0a iwa 

baas idaotifiad in aaapXaa froa arrwral walla in lancaatar Gbunty 

(Sinnott. 1967) iMch lisa on tha north site of tha Bappahaaaoek 

Bsnca» thara is reason to axpact that this tarnation ia 

at dapth throo^oot tha  aatarly

aaatiflon la duuactarizad BQT Bcodaacsvipt 

and lasam of ^f^ipr*?^^ vitli

« Tha locaaa saetioa at Orbaana ia thougrt to ba about 120 

2sat thick* of -»hicii tha giaatai pnrt ia aaai^iaad to tha Chicka- 

yozaartioa-r Updip at tha Middltaax-Swax Oouator 14"* tha 

aad tha Îftiff1^*ii|?y "thLcHiffT* but tha total.

thicknaaa ia prdbablgr aoch tha sana aa at Urfcamau

5Jia Utholocr of tha atctiana at Viitoa Point (kl) and Stora 

\40/ naarcr tha loaar aod of tha coutxtyr ara not VBTT* halpful 

in aatahtlading foraational contacts* tta basa of tha Xoeaas is 

dz«m at tha bass of a stxmtoat hi^ily cfaaxmetariatic of tha Bocesa 

aactiOB* Tha Miocans^Xocana contact vas dztnro by pro^action froa 

tha araa to ths vaat.



water Bearing ?oraations 

Cfeetaceoua to Tertiary Sr*taaa 

Upper Cretaceous mad Imleocene Seriea

Mrttaponl Torgation - The* old town veil (16) at Orbanna 

deecribed ty Sanf ord vaa drilled to a depth of 5^9 feet and de 

veloped water Initially la a looe* aaad atiatia, te feet thick, 

that waa penetrated at 5^7 feet. This sand lie* below th* highly 

colored cleyw characteristic of the lover part of the Mtttaponl 

Ffcraetioa. 2ha> lover portion of the- hole caved hot ̂  flov froa a 

 and at ̂ 92 to $00 feet eoatimied* The aballover horison reached 

in this veil vaa alao reached la the 0. W. Qarler veil (l^)f the

veil (17) at the vterf and tha laUter Sane veil (9)- 

deepeat vall4i lit and around Urbanna> hoverer^ are the Shannon 

v*U (26) Khich reached a depth of 650 feet* the 1963 town veil 

(IB) 620 feat da*p and the Brill Duck Rom vella (21, 22) vhich 

are; about 650 feet deep*

Qpatreaa at Itaallk the eereral vella at tha Lord Matt On-mlng

Co. (11-13) end la the Mtttapoai Foraatlon.
Ill* 

reports (p. 3lS) that the frea flow of the old town

well (14), eoBDlaed with the flow of a shallower wall, waa 7?

la 1906« The waiter Saaa well (9) near Bemlik, finches la diameter,

la aald to hayw had a flow of 72 sm la 19^0.

She? 1963 town well (13) la reported to have "been pumped at a 

rate of ̂ 30 gym with only 30 feat of drawdown, harlng therefore a 

specific capacity of Ik .2 (gallons per foot of drawdown). The

well (20) was pumped at a rate of 205 gsa with 39 feet of
drawdown and has a specific capacity of 5.2.

#/



At tha Brill Duck Jfexs* two valla Just eeet of Orbaxma (21, 22) 

and a third vail asar Burnana Wharf (23), are thraa of tha higfrcat 

yield valla in tha county* Yielda ara given aa 752* 85T> and 1100 

gpa* Khan drawdown la taken into account, tha affieianeiea are,

respectively 11»6V 7.7, and 22_qjiThain par foot of drawdovn. The""" XV

efficiency and TTBTCJ^BTH yield* ara a function of tha character and 

thickneea of aasda paaatzated and tha aaouzrt of screens used* The 

veil vhitii haa a relatively low effiaieaqp ba» only 25 feet

of tcreen. On the other hand tha veil of higfreet yield at Brill 

Docfc Stem (23) doea not have as much «cre«n aa tha veil vith the 

loweat efficiency (22) . Hero, of cooree, the pexneabllitgr of the 

particular aanda penetrated rather than their total thiefcneaa i» 

the critical factor*

Xhe deep valla at Wilton feint and Stove B»int end in the 

iavttaponi Jbraatioa (Section B-B*> pi* l).

Sanjaaoy gbrnation * A tmt valla in upper Hiddleeex County, aa 

at Bayport (l and 2), dartlop water in a aeriea of thin liiDeatone 

atarata alternating vith glauconitic quarts sand penetrated at about 

250 to 300 feet below the surface* Thaae aanda are thought to be 

part of tha Sanjeaoy Fonaetion. In 1906 water vould rlae aa anich 

aa 26 feet above »aa level in veil* of thia depth in the upper part 

of the county (Sanford* 1913* P- 313). Bo large flows vere reported*

127



Tarnation * A few veils art Bcmllk (10), Urbanm

(15) and Saluda (25) obtain vater froa veils 200 to 250 f*et belov 

level* Tfcaae probably end in the Coiciealtaalzqr Fornmtion. At 

the fttrmtion la described as "sand and shall.'' Senford 

report* that tiro 1-ineh diaaater veils 227 f*at deep at XJrbanaa 

vere pumped vith « combined yield of 105 gpa.

Valla of aodasete depth in the soaevlmt easterly part of the

oounty oay develop water £roa tba Socene f&naitlona* At Oreya
3

Point on the Bappahmnaoclt the H. M. Jbaee vell^ Is 357 teet deep«
A

m Gloucester Count/ on tha south side of the Praufcatmnk River two
faf.-isJJ* f£ 

valla «t F5r«eport^ opposite Beelya Mill, are about 33° &*** deep.-
T

1fie> deeper veils aantioned aay end in tbe Hattaponi Foroation but 

tbe veil at Ctoeys Point and ti» veil* mentioned in Gloucester County 

axe alaost certainly developed In the Eocene*

Water froa Miocene Deposits

.Chegmpealce Orottp *&Hmm+*emm - let th« lover end of the
**t**t* 7 

county, as at DsltarcUle (34-36), are am? veils tiart obtain caell
Is

supplies of vater frosi thin aaa!y strata of Miocene age* Such veils 

nay be as little as 75 faet deep or, loss conaonly, aa asich as 300 

feat doep*

la the easternaoat part of the county at Stingray Point, six 

sandy bada are present between 60 and 195 faet bat all yield saline 

voter, according to Mr. A. V. Buark who has drilled many veils in

6



that art*. la 1956* &r» Bruc* HoxBBn of WaUserton developed vater

at ISO faet tbtt vaa too salty to umr am further efforts to a
A 1

tepfch of oror TOO fevt ver«



Middlesex

Water from Pleistocene Deposits

Water in quantities sufficient for household use is obtained 

from shallow wells throughout the county.

At Stingray Point where Miocene and older formations yield only
t .

brackish or saline water, larger quantities tnan that 'yielded by
A

one shallow well might be developed by pumping several shallow wells 

as a unit, skimming off fresh water from salty water below. The 

practicability of an infiltration gallery - a permeable tile or other 

collecting device laid just below the water table would be determined 

by costs involved and ground available. Such a system might yield 

a few tens of gallons a minute as opposed to the very small yields 

available to a single dug or driven well.

Quality of Water 

Water from the Mattaponi Formation

Water from deep wells in upper and central Middlesex County is 

a soft sodium bicarbonate type with a very low chloride content. 

In Remlik ( II jEable 9 ) and Urbanna ( l~, JT, io ) the bicarbonate 

content of the wells reaching the Mattaponi Formation^rftngeg  &rom

but other constituents are low. Fluoride, however,
   ...

'
ranges from 2 to 2. &&', slightly more than the 1.5 Ipm considered 

desirable for public supplies. It is particularly noteworthy that 

the chloride content of water from the deepest wells is very low.



Qtfs type of water is highly satisfactory for domestic and aoet 

industrial purposes* Toaaing algvt be troublssooe -where the vmter 

is used for boiler £med« However, because of its aigfc aodiua con- 

tent, it is not suitable for irrigation*

In eastern Middle*** Couaty veils reaching the Sfattapoai beds 

yield a high-chloride higfr sodiumv^icarbonate \#'jm «aO<u, as shown 

Ty the analysis (39, table ? ). A saaple taken In 1918 from the 

veil at Jlaburg contained 1,820 pgar of chloride and 1,051 p?ar of 

bicarbonate. Tbe high bicarbonate content of the iaburg veil vmter 

can perhaps be accounted for by solution .from the? soft glass con** 

tainer upon standing, perhaps far several souths.

fit 196^, a deep veil (*0) vms drilled at Store Saint Seek in 

an sJ»tsmutt to find a supply of potable artesian vmter* Vater at a 

dsyttk of 13 fteet* occurring under vmter table conditions, contained 

87 ag/1 of chloride. At 51 feet chloride vms 710 ae/1 and 120 feet
A

3*965 3*6/1* These vaters are probably a mixture of present bay 

vmtera and Infiltrating raixawter* Bat first artesian ttratut vms 

trtenr**T at about ^36 feet* Smre the vmter contained 1,395 ag/1 of 

chloride. At 628 fbet the vmter contained 1,&7 ag/1 of chloride, 

alaoet the identical concentration reported in vmter frtai the 

Jaburg vsll«

It amy be noted that at Greys Point (29* fig* £ ) brackish 

vmter vms present in a TOO foot veil whereas at Burhans Uharf, 

about 3 ailes to the east, vmter fro* veil 23 contains only 11 ag/1 

of chloride. Qfe the Famnk?fbanlt, vmter froa veil fc2 near ̂ airfield

8



lam a chloride content of 29^ ag/1 aad a shallower irell

R'eepcirt la Gloucester County Juat tspatxeaai haa a chloride

content of only 30 ag/1* The boundary of the fcigfc chloride arteeian
A

wrtar ieae> thua seema veil daf load*

Watar froai Soeena (?) Otpoaita

Valla of ifitaraadlata <3aprth, about 300 feat, my yield 

mlnazttllaad tout potabla vattr in tha Graya Point   Wilton Point

f taara 9x9 not sofficiaot data at oand to Da

 pacific la thia xagard*

Baa* hifijily ainazmliaad vat«r» £TOA Stora Point Heck and Aaburg 

Tapzvaaot a Alxtura of ftvaii natap that &aa Mlgrartad dovn dip firon 

th» J*ll 2bn» vith old sea. natar not coMplately fluahad firom tba 

fbnaitian* Bacana* tb«y ver* once aatoratad vith sea vater the

 aitfiaints are loadad vitk axebaagealtla aodiuai and -vatera migrating 

dom dip ba.vt exchanged tbair cmlctiua cssrtent for aadiua  hence, 

)wth the hi^s chloride natera daaerlbed and tba eaaestial2y chloride- 

free waters froi around Urbanna are aoft sodioa bicarbonate vaters*

Wrter from Kiocene. Bapoaita

Vater froa three valla at Deltayilla (3^-36, table ^ ) that 

obtain nmter froa Miocene depoaita is ecoawhat hard> vith hardneaa 

zvnging from 13A to 264 ag/1* Budneaa ia j^'eaeiiU aa calciias 

bicarbonate* Chloride ia low, aa aoeh aa 5^ ag/1 on one aaaple> 

bat only 7 ng/1 In another*



thaac wtexv 9319

Jftyy ^i-niff gfc-to tUMt 9EBAf iMKSBCUPB Of thttdbf frfgft g

irrigation

Vhtor firoB Pl«l«toc«n« Otpoaita 

firon gh>llo» dug cor driven wll* law m lav h«rtb»&i «ndt

caft i«t«r dttrlTed lit largwt purt oar entirely froa the termc« 

QT TaniraM bKe&* Shallow w«t«r cbaimctsirUtlcally 1 

meidlc and viktr* cudi voter cost* la contact with

uiilt»iiila» ca^otum ^Icftrbtamto ia



In low lying areas on the Chesapeake Bay where the only water 

available is from shallow wells, means of providing larger, more 

dependable and safer supplies should be considered in view of present 

heavy summer populations and probable increase in demands.

A trunkline bringing artesian water from ;a distant source up
but

the peninsula offers an obvious and expensive solution. However,

before such a trunkline is justified and constructed, much might be 

done on a smaller scale through artificial recharge.

Where a central supply point for several villages is to be 

established, it may be practicable to recharge the deep brackish 

water artesian formations with fresh water from shallow wells. Much 

of the recharged fresh water could be pumped back as needed, uncon- 

taminated by the brackish water as explained in the general part of 

this report.

Shallow wells in the terrace formations can furnish .a modest 

volume of water but reliance on that water in times of peak demand 

and low recharge would be both risky and expensive. However, where 

adequate storage is provided, as in the deep formations, the discharge 

obtained during long colder month seasons might easily satisfy the 

peak summer demand. If it be assumed that as little as 50 6P& were 

pumped from one or two shallow wells continuously and injected in 

a deep well for 9 months, 150 gpm could be pumped back in the follow- 

.ing summer season, a volume sufficient for at least 1,500 people. 

Actually, since some mixing would take place, the return ratio.



y 

vould not "be as favorable as stated. The efficiency to "be expected

after injection is not determinable at present "but there is every 

reason to "believe the device suggested is -worth considering. 

Obviously, a recharge rate tif in excess of a hundred gallons a 

minute would be hoped for. A very few properly constructed 

shallow wells might supply the amount of water required vith ease, 

most of the time. Economies in operation might be effected by 

recharging only at times when off peak power rates are available. 

Inasmuch as recharging would have to be done under some pressure 

(the artesian head is probably almost as high as the shallow water 

table), the most efficient operation would require that a maximum 

recharge rate at minimum head (power cost) be established. On the 

other hand, slightly higher costs might be accepted in order to 

^recharge a greater volume of water. Since lifting water from a 

well and pumping to an overhead tanlc for recharging* might involve 

as little as 5° feet of pumping head, the power cost would be low 
y^ A*,**-

abouti2&<f per thousand gallons at l^f per kilowatt hour.

In some areas, water from the Miocene formations is also avail 

able'. As noted above, where this is a very hard water, it may not 

be as desirable for recharging as the softer water from the terrace 

formations. The compatability of injected water with reference to 

the deep formations and possible clogging is one of the several 

aspects of artificial recharging about which little is known.

Assuming that a recharge well was constructed and operated as 

sketched out above, there is no reason why water from the shallow



veils, ending either in the terrace formations or in Miocene "beds 

or "both, should not "be used in conjunction with water from the 

recharge veil during the peak demand season. The shallow water 

supply might vary considerably according to recharge received from
Q

local rainfall "but whether large or small," it could "be utilized to
«Hwrf- Q******

L and deep well recharged water utilized as makeup. 

With respect to artificial recharge, the state of the art is 

such that specific recommendations cannot "be made at this time. 

The purpose of the discussion given a"bove is to point out the 

possibilities inherent in this device and the great savings that 

might "be made "by providing water locally rather than "by trunkline 

from some distant source. The results of further work in the field 

of artificial recharge through deep wells will "be awaited with 

interest.
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Tatt* ^ . logs of wlls in Middlesex County, Virginia

Wtll 4, Mrs* Hazel Glenn, Wfeterviav 
(leg lay 0. C. Brenoman)

fa«t

(fcwt) (fe«t)

Cbluobla Group (Plei^tocane)

Stod, ywllcTV 30 30 

Group (Mlocco«)

blnB» aandy, 170 200
^ ^*t»\e«^^ 

Chlokahondny yp*pp y ̂ lqnMSincflin|B }
^

Stell and sand; wter ^0 

Hacjemoy TonoatioB (5ocen«)

Shell rode formation aod black 
and unite saod 55 295



Tabl* % »«~I0gB of veil* in Middlesex County, V*. (cost.)

, J* 3. Jfcckson, SBQBO* 

' flwrfc

(*» *)
CobablB Group (?l«lstoc*D*)

C0«jr, yrtlo. 20

h^KMAf \**^Mfc AW ^V

QuHRptftkv Group (Hloctat}

OZ4QT* ctertc 102

Stead* flat 8
f&\ <iA««» ^Vflb^^Ak* Wff^ 
^^ wK^r ̂  Q^^^^3» JT^»

3RZldL vScL 0J30JL^^{ ^PBTw4D^ jsSU

Bodc«a«i»U 6

aemd, olay and sb«H 15

Snft and «b*U] wrt«r 37

Rook t

flBkXki *«A «>^>11 V9^ "  ̂ -^  -    »   - - - ^y^

v^i

dJQr 156

SKA 50

mr^ff ̂ MBW

(feet)

20

50

152

160

216

236
2ta
265

3oa
306
319

>75

550



Tabl* S *~Iog* ofualla in MfddL>a<at County, Virginia (coat*) 

Wfcil lf J. V. ftrgBacB, Heali* 

Altitude 10 fteet

Thlcknws Depth

Qrotip

Sub«oil 30 30 

Group (Hioeont)

v ta&»  nd nad 25 200

(Xoont)

RcxA and and 10 220 

Clay> Wi« to brown 2$ 235 

Continued «to», nactar (f } 48 283 

and whit«; wtcr 7 290



Table **" . Logs of well* in Middlesex County, Virginia (cont.)

11 «t, Walter Sane, Urbanxm 
C ta* k^ /4*^>"cX«Al* r^vi«*^ 

* Altitude, 7 feet

Undftscrlbed

Chesapeake Group (Miocene)

Gay, black*

day, blue

Sand and shell

Sand and clay

Bock

Sand; voter

Sand and rock,

Sand and shall

Bock and sand, 

Banjenoy (T) Format:

Sand, black and vhlte

Sand, black 

Mattapoai Formation

Sand, Black

Sand, black,

Sand, black and white

Sand and gravel, vhite

Tnlckneas 
(feet)

I ahull

11 at base

jn (Socena)

ilternmting
 

tlternating

m (Socene)

vhlte

^leocene^ke(jJpper Cr^5

lor clay

5

125

1»0

2

8

2

23

18

5

16

15

to
SL*~> ~Y~£

60

20

13

Depth 
(feet)

170

210

212

220

222

2^5 

263 

268 

285

300

too

1^20 

kfk 

1*87

Rote: Much of black sand below 31*0 feet may have washed down 
£TOB above  

144



Table 3 .   Logs of veils in Middlesex County, Virginia (cont.) 

Well/ 8, FA o m c. v ̂ * V « ~*^ , 'J r \>

(log from Va. Div. Mineral Resources files) 

Altitude 20. feet

Columbia Group (Pleistocene)

Sand, fine 

Chesapeake Group (Miocene)

Clay, green, with shells

Clay, gray 

Chickahominy and Nanjemoy Formations (Eocene)

Shell rock, shells, gray and 
"black sand -and clay in streaks

Nanjemoy and Mattaponi Formations (Eocene 
to Upper Cretaceous)

Clay, gray, hard 

Clay and black sand, in streaks 

Clay, gray and pink 

Sand, gray 

Clay, mixed colors 

Clay, hard, tough 

Sand, gray, some black 

. Clay

Sand, gray

Clay

Sand, gray, coarse

Thickness 
. (feet)

43

37

144

73

12

24

16

34

29

18

7

16

3

23
38

Depth 
(feet)

43

80 

22k

297

478

494

528

557

575

582

598

601

Clay, red, gray and brown 

Note: In well i§, hard red clay "red as paint" was reported at

624
662

522-540 feet below which 7 feet of softer pink andjbrownj 
clay was present (Sanford, p. 224, Cederstrom, 1945, P-

«*
j



Tabla 9 . logs of wlla In Middlesex Cuunty, 7*

Wall fc° , Mrs* 3. L» Shannon, ttrbaznm

JUtltada 15* fact

mioknasa

(coat.)

Group (Plalstocana) 

Sand and gnrrel 

CbasapeaJca Group (Mioeana)

Clay, s»y

Chlrfrntacday Jtooatioa (Socana) 

Shall and clay, in streaks 

BBC* and voefe. In Btreais 

Clay, gpaaa, aaad 8traak» 

Tbwatfclon (Bklaeean» to

5ot daae

Sand, gmy and 

day, gray 

Sand

^ and shalls

fiand 

day 

Sand 

day 

Sand, gray, za»dium to coarse; vatcr

21

SOT

Depth

21

227

23

58

22

55

63

U

16

1

13

6

39

10

13

12

245

303

325

380

448

459

475

482

500

506

545

555

568

580



TW>1« S . Logs of wtll* in Mlddlaaez County, 7H. (cost.) 

Veil ^P, Mrs* 3* L* Shannon, ftrtoanoft (coot.) 

Altituda

^

"Mixtai colored clar'* «t tills dapth In veil IS*

^:. 147

(jp»t)

5 585

day 8tr«mks; nmtar 1$ 600

gnqr 15 615

10 625

10 635

dagr, «adgr> wter 15 650



Table S . Logs at veil* in Middlesex Comity, Virginia (cont.)

, Town of SrLuda, Virginia 

(Lag lay S&rdnor Ptssp & fell C&.) 

Altitude

(fe«t) 

Cblxnfei* Group (FL«l*toc«r»)

ytllor 30 30 

, vfeit* 18 46

(Jroap (Miocene)

CZlagr, sandy, y«llo» 12 60 

S«nd, hard, fin* 10 70 

Clay, yallor, sandy k T^ 

Sand, bard, flz» 23 97 

Clay, gray/ and sheila 2 99 

3and, hard, f la», and sheila 25 12* 

day, gray 130 25* 

Clay, gumy, green 24 276 

day, gray 19 29T 

Rock, team 1 298 

day, gray, and sheila 1 299 

Cbiokahoalay Tarnation (Eocene)

Sand, fairly coarse 16 

Suod, fine, hard 9

day, soft, green 6 330

148



Table $ . Logs of velle in Middlesex County, Virginia (cont.) 

Well ^ »~R. H. Bsrritt, Burhana Wharf 

Altitude 32. feet

Columbia Group (Fleiatocene)

Sand, "brown to vhite

Chesapeake Group (Miocene)

Sand, blue, fine; vater

Sand, yellow

mrl, bl»e
/* P* *N 

C^^ft § ̂ aaFsai^^^pSi^ M^B* t*v<rt(tHA i^ ^* ^X

day, gray

Shell, sand, noddy, hard streaks

Mftttaponi Pbnaetion CPileoceneJ4b ) 
v,_ Upper Cretaceous ̂SP ^ J

} Sand, black

Shell rock

Sand, black and shell

\ Shall rock

N^^and, black and shell

Clay, gray and black sand

Clay, gray

Sand, gray; vater

Shell rock

Sand, gray; irnter

Bock

T&lckness 
(feet)

'

60

30

5

133

80

13

2

5

3

18

50

62

8

7

*

3

Depth 
(feet)

60

90

95

228

308

352 

365

367

372

375

393

1*3

505

513

520

52*

527

149



Table 8  logs of Walla in Middlesex County, Va. (cant.)

Well 1*0, Stove Point Kedc Development 
(log Ijy Efcrdtnar ^drodynamica, Inc.)

Altitude 5

Depth 
(feet)

Columbia. Group (Pleistocene)

Sand* vhitej vater 18 13 

3and and shells; wter k 22 

Chesapeake Group (Miocene)

Gay, fclu* 31 53 

Clay, "blue and shells 7 60 

Shells, coarse 15 75 

Sand and shells; wter S 83 

and green, fine; vater 36 119

2k 1^3 

6fc 207

gray, ailty and clayey 15 222 

Clay, gray 16 233 

day and shells 7 2^5 

  Clay, green to gray, ailty 65 310 

Chickahominy (f) Formation (gocene)

day, green, ailty 20 335 

day, green 101 k$6

Sand, 'black, scans shells and 
clay, sharks teeth; vater 21 457

Mtttaponi (?) Formation (Sfeloocene to 
Upper Cretaceous)

Clay, green 43 500
' ISO 

Clay, gray, aoo* sheila 15 515 ' '



Sable £* Logs of Walla In Middlesex County, 7*. (cost.) 

Well fcO, Stove Point Sack Oe^elojanrt (cant.)

Thldcneea Depth 
(feet) (feet)

151

gr*y, tougfc 81 596
	^MM^MM«

(t) 2 596

«ar 29 627

e*&d» hsrd^ SQBMT cle^i lAte? 3 635

smftr herd, witlt micm; wrt«r 15 650

Sand, grey, ccexae; ¥*ter IT 667

Send, Gray, fine, «one c3jgr 21 688

Send, grey^ coeanwj uertey o 690

dejr, gr«7 12 T08

gr«ar, hard! voter Ik 722

grey, soft; voter & 766

Send, clayey 3 789

«r«r, hard 3 752



lable q . Logs of veils in Middlesex County, Virginia (cont») 

Veil 41, C. Huff, Twiggu Ferry, Vilton Point 

(Log from Va. DiT. Mineral Resources files) 

Altitude 10 fe«t

Thickness Depth 
(feet) (feet)

Columbia Group (Pleistocene)

Subsoil 16 16

Chesapeake Group (Miocene)

day, blue 9 25 

Sand and shells 2 . 27 

Clay, blue 18 k$ 

Sand, green, and clay 18 63 

Clay, ligit blue 10 ?0 

Sheila 5 75 

Stone, soft 15 90 

Blue to tan to blue formation . - 165 255 

Soapstone (hard clay) 9

Undifferentiated

Clay, green 151 

Undescribed 8 423 

Stone; sooe vater at k6O feet 37 k60 

Undescribed; brown clay at 700 feet 2U) TOO

152
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aad Queen County 

Introduction

aad '.ueea Cbuaty la one- of tha nore inland couatlaa of 

the Cceatal Plmln. It lias directly aouth. of Middlesex County* 

da aottthera fcoundarjr ia ftaaed by tha Mattapoal River and, at the

t extent of tha county, by Beverly Run. The land area la

230 «<iuare ailea* The population la 19& naa 3^

population la entirely rtuml. About one-fourth of the 

persona are eagigaA la agriculture^ forestry, and ftahlng 

aad about aa oaay are aoplggred la naauiaeturlag* Many of the latter 

groop are employed at Veat Point ia adjacent King Vtlliam County. 

Vita. tb» alMHtltuvamt of the foznar cmaniry at ^alloerton, the menu* 

dteturiag aatabliahaeata la the county deal excluatvely la 1 matter 

aad 'baaie Itsaber pnsducta*

U.S. Hl^nmy 3^0* connecting Richoond vlth Tappahannock and 

Mkcyland croaaea upper King and ^taes County. State Highway 1^ 

runa the length of the comity aad provide* access to hl^aiaya north 

to Trederldtaburg aad Haahiagtoa aad aoutbeaattiard to Sevport Seva 

Olouceater Count/ aad the bridge to Yorfctovn*
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Geologr

CoBaolidated rock coneidered here to be baaearot rock, bee been 

readied in a well at Ifeat Point (fig* 6), at the eeatern end of 

King William County, at a depth of 1,284 feet, that ia,

about 1,260 feet below eea level* At Bowling Qreea it vaa reached 

at about 260 feet below aea level* Hence, aa ehown in Section B-B*, 

plate 1, baaeaent should be pernape aa little aa 500 feet below sea 

level Izt upper King and Queen County and sore than 1*300 feet below 

aaa level at the lower end of the county*

The rock readied la the 1,28^ foot veil at Heat Baint aey be 

Triaaaic aandatoae althoogi it la poaaibla that the *rock" ia a 

conaolidated Cretaceoua atxatuaw However^, the rock reported at Wset 

5btnt will fall alaoat exactly on a line drawn from baaeaant at 

Bowling Ctreea to baaaaent at Mathcwa. jjiil liilU Baaeaent roeka under 

lying the Tidewater area are aore likely largely granite, achiat and 

other attaaonhie rocks.

Cmtaoeoua Sty* tea    

A co&aiderable thickneae of aediaenta of the Fotoaac (^oup of 

Sarly Cretaeeoua age waa penetrated in the deep well at V?rt &int 

ia adjacent Sing Villiaa County* Sbeae conaiat of alternating aand 

and clay beda* An aeen in the eroaa aectlon, the boundary between 

the overlying Mattaponi Foaraaition and the Ibtoaac Group ia conjectural 

It aeeaa likely that the thick aanda above a
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depth of 800 feet are basal sands of the Mattaponi Formation

rather than Potomac sands. If so, the Potomac section is about

500 feet thick, of which the lower 200 feet is very sandy. The 

Potomac group underlie' all of King and Queen County, tkey- have h-1-* 

not been reached by any wells, as far as can be determined.

Cretaceous to Tertiary Systems 

Upper Cretaceous to Paleocene Series

Mattaponi Formation: The Mattaponi Formation is of gp^jgi 

Cretaceous and Paleocene age. It is characterized in- its upper 

portion by glauconitic sands and clays that are not greatly 

different from overlying Eocene beds in many places. The lower 

part of the formation is characterized by highly colored, variegated 

or mottled clays, sometimes termed "rainbow clays" by the driller. 

These beds are non-glauconitic or only slightly glauconitic. Thick 

sands occur at the base of the formation at West Point where the 

Mattaponi section is considered to be about 500 feet thick. The 

higher beds in the Mattaponi Formation are nondescript clays alter 

nating with glauconitic and quartz sand. Theoe "beda- and the 

underlying mottled clays have been penetrated in wells in the 

Stephensville;rWalkerton - St. Stephens Church area in King and 

Queen County ."but wells tbere-^e^ieSra^'only, the uppermost port are n 

of what is considered to be the basal sand section/ JNO* S>^^
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Aguia Formation: The Aquia Formation is of Paleocene age

but at the type locality on Aquia Creek and for some miles east-
-7

ward is characterized "by a foraminiferal fauna that is different
/

from that of the underlying Paleocene strata. Studies in the
CcAtT4-*«-***j i «t sn, f-&<»$

York- James Peninsula show that the Aquia Formation thins to a^

vanishing point downdip. It is thought that in King and Queen 

County it does not extend much farther downstream than Walkerton.

The Aquia is made up of "blue clays and minor sand and is 

highly glauconitic, as are the overlying beds of the Nanjemoy 

Formation.

Eocene Series

Nanjemoy Formation; The Nanjemoy Formation of Lower and 

Middle Eocene age is made up of highly glauconitic sand and marl 

"beds. It is exposed along the Mattaponi River upstream, from 

Aylett but is reached at a depth of about 200 feet below sea level 

in the eastern end of the county. It is more sandy than the under

lying Aquia and commonly has intercalated thin limestone strata.
j* ^r«c*t -from P 

Tfa»-frftflft3--mpmhaii of Uii 1 Naujeniu^ 1* a pink to brown clay^ The

"brown clay reported in the log of well l8a (Table 1 1 ) at Walkerton 

at 120 to 140 feet below the surface is considered to be that 

distinctive stratum.

The maximum thickness of the Nanjemoy is about 110 feet in 

this county. In the upper end of the county it may be 'thinner

due to the overlap of the Miocene formations . In the lower end
A

of the county it is transected by the overlying Chickahominy 

Formation and there it begins to diminish in thickness.
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CairfrahnnrlTTy Formation; Beds of late Eocene age, named the 

Chickahomlny Formation in Virginia, are present only in the 

easternmost part of the county. Dentalina "bevani, a highly diag 

nostic fbraainifer, has been recognized in cuttings from West 

Hbwerer, the formation is undoubtedly very thin at Vest Point and 

it is not shown in published logs of wells there (Cedars-trod, 1957, 

p. 101-103). "Dirty sand and stone" and "sand and nud" from 2^3 

20 2k3 feet penetrated in a well at Shackelfords Fork may possibly

3^ffipCP^H^Tni w£Ut GZX^LOlCSu^QX&iUXy  >

Miocene Series

Chesapeake Group: The Chesapeake Group of formations consists 

of gray to blue aarLs and clays and subordinate fine sand beds. 

Their Bandana thickness, beneath high ground, is in the nature of 

200 feet* However, oa low ground along the Mattaponi HiTer above 

AyLttt, the Miocene strata have been reaoved by erosion and under 

lying Socens beda are exposed at the surface*

Quaternary Qjnten 

Pleistocene Series

Cbl&tibia Group of fonaetions of Pleistocene age occur as terraces 

capping the older foraations (alaost entirely Kiocene foraations) 

throufihout the county* Along streams and rivers erosion has cut 

through then and only the underlying Hiocene beds are present.

The terrace foraatioas are made up of varying degrees of 

gBnerally yellow clays and quart* sands.
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\ '0

Water Bearing 

Lower Cretaoaoua Ssrlaa - Fotaaio Group

BuaJL sends and gravel* of the- Potooac group of ftosaatloae
^ 

hare fceea penetrated In a vail at Heat Point la adjacent King

Wllllajs Comity tta* valcfe 708 gps vac obtained vita U3 feat of draw- 

doun* la one well 100 feet of acreana vax« placed froa 1>051 to 

1,277 fiwt below tha mxrt*<3*> thus ladtca&iag aa unoaual^r 

aactlot of vatar Nurlag oatariaL>

5ha teaal aanftji and grwala of tho Potcemc groop ha^o not 

pcnatratad la King aad 0>iaan Cocsty «nd, la ftict, aa^r bwa1 Isaaa

raaahait "by oaly * f*v vail* aey^hara la the CftMtal Plain of
«.wet^ 

Ttrgiai* north of Taiata Rlvwr. Sowiar* thax« is xaaaoa to "ballet*
^

t&At «ach bad* atega^b ^irriarlta all of Slag aad Cuaaa County > At tha 

uppar aad of tba coonty tha? a*3r ̂ *  M>1*m*y but fthoald o» aa eoarsa 

cmlaod* At tha lonar «ad of tha oasaty thay ohoold %a thicker 

althoo^i poaalbly finer gralaad t2au at ¥wt PojUact.

It should Da aotad that tha daapaat vail at ̂ Mt Iblat Tlaldad 

vatar that contained 212 ag/1 of chlorlda la sharp contract to valla 

laaa than 4^0 feat daap fircm vhlch tha vatar contained not acre than 

12 ng/1 of chloride. Haaiii1 tha upper aad of King aad Quaaa County 

vatar froa vallj tapping "baaal Potonac bed* should to lov la chloride 

vharaaa at tha eztraoa lover and of tha county/ tha deep vatar vill 

irobably be more hl^ily mineralized than at West Point.
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Upper Cretaceous *e~Paleocene

Mattaponi Formation: About 200 feet of sands and gravels 

and subordinate clayey "beds are considered to mark the "base of 

the Mattaponi Formation at West Point. One veil 699 feet deep 

yields 900 gpm vith 75 feet of drawdovm (Cederstrom, 1957, P   97)  

In King and Queen County veils more than 350 feet deep near 

Aylett (1), WaUcerton (22, 18, 19, and 21) and Stevensville (^)

and at Roane belov West Point (52) penetrate the upper portion of
\ 

the "basal Mattaponi sands referred to above .

The largest flow from any deep well in the county (ll, Table 10 ) 

was 35 gpm as of about 1906 (Sanford, p.* 203). Well l8b at
A ^

WaUkerton, drilled in 1926, had a flow of ^5 gpm and veil l8c, 

drilled in 1939, flowed 30 gpn and yielded 150 gpm to a suction 

pump. Both veils l8b and l8c are 3 inches in diameter and are 

equipped vith screens, the latter having had 10 feet of #40 slot 

screen installed. However, it may be noted that a 3- inch veil 

drilled in 1927 near Aylett in adjacent King William County is 

reported to have had a f lov of 200 gpm at about 10 feet above sea 

level at the time it vas drilled and another 3-i^ch veil drilled 

nearby in 1939, also tapping basal Mattaponi sands, had a flow of 

150 gpm (Cederstrom, 1957, P- 96).
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She pumped well of highest yield in the county (13d) is that 

drilled for the now defunct cannery at Walkerton. this well is 

equipped with 40 feet of screen and yielded 233 gpm with 139 feet 

of drawdown. Hie slot sixes of the screen installed (25* and 30- 

slot) suggests that the water-bearing sand is a medium-grained 

sand*

noted* very high yields have been obtained at West Point 

and initial flows of small diameter artesian wells of limited 

depth in upper Xing and Queen and King William Counties are fairly 

impressive* therefore, it seems obvious that large yields should 

be available from properly constructed and developed deep wells

penetrating the Kattaponi and Potomee Pbrwrctons throughout
A. 

practically all of King and Queen County,
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At the time of Sanford'a survey, around 1906, the height to 

which water In the deep artealan beds would rise waa 35 feet or so 

above high tide level, in the central part of the county. In 19^3 it 

rose 15 feet shore aea level at Valkcrton.

A larger mater of wells (23, 12-16, and 6-10) and in quartz 

or quart* and glauconite sands higher in the Mattaponi section at 

depth* generally ranging froa 225 to 285 feet* These are located 

along the Mattaponi River froa Aylett to Walkerton.

So large flows haw been reported from theae walla. The 

reported (veil 16) was 20 gp» but moat of the wells had

a naich y^Ti^r flow. The arteaian head in wells in this depth 

range appears to be about the sama as in the deeper wells. Ere- 

suaably good yields, say in the nature of 100 gpn, could be obtained 

from sons- or many of theae wells were they of somewhat larger 

diameter than 2 inches and equipped with screens*

Tertiary System 

Paleocene Series

Aqula Formation; It is not certain that any wells in the 

county end in the Aqula Formation. (See Section B-B , pi. l).

Cocene Series 

Hanjenoy Formation: Twelve wells (32, 42, 29, 30, 3V4l) at

Sing and Queen Court House and at least one at Mantapeke (25) and 

at Little Plymouth (43) end in sands of the Banjemoy Formation at 

a depth of about 150 feet below aea level. The aands are glauco- 

nitic to some degree or, In places, all glaueonlte, sand, fine 

In texture and commonly thin. The arteaian head waa never as



KQ

high as tMi in deeper wells, only abqut 23 feet above river level, 

and flows were generally small. Sanford mentions an old well at 

King and Queen Court House (38, Table I a ').2l6 feet deep^drilled 

in-1889 that had a small flow at an elevation of 23 feet above 

high tide but which, in 19°6> had lost head to the extent that it 

had to be pumped. The greatest flow reported in 19^3 from 

Nanjemoy beds was 12 gpm (well. 32) but well klB was said to have 

been pumped at a rate of 20 gpm. Because of the low head, sands 

in the Nanjemoy are not developed by wells in many places. However, 

the formation appears to be an excellent and economical source of 

water for domestic use and could probably be developed in other 

parts of the county.

Chickahominy Formation: Many of the old wells mentioned by 

Sanford (1913* P- 210) 110 to 120 feet deep at West Point end 

just about where thin beds of the Chickahominy Formation would be 

expected to be found. The well (50) at Gressitt, according to 

Sanford (p. 310) ends in rock at 206 feet. This appears to be the 

thin limestone and sand sequence characteristic of the Chickahominy 

elsewhere. The old wells at Roane (53) and Belleview (51) are a§r 

much the same depth.

r -_ Miocene Series 

No wells are known to end in Miocene formations in King and
A

Queen County, nor in the adjacent more highly developed West 

Point area.

8
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J 
Pleistocene Series

Throughout the county are many wells up to about ^0 feet deep 

that obtain water from the terrace sands . Only quantities sufficient 

for domestic use have "been developed as far as is known.
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Quality of titter 

frcoi the- Msttapool Formation

fttter fina* Jetted aad drilled vella In King and Queen 

are soft sodica bicarbonate waters. Two aaaplea from deep valla in
CfefcW \-2-)

th* ifefctftponi Fonaatian, I8e set Vfcl&erton aad at St. Stephens Church
A

"ban* a rather low bicarbonate, respectively/ 215 aad 163 ag/1* 

aafaver> juat upstream *rom Walkerton, naetar ftrcm valla ending In

the- uppexnoet part of that foiwtlco (11, 16), have arocasd ^00 mg/1
1*s

of 7>lcarboi»te, a!ba veil at the yiah a^dsexr (^) that developed  ^

deep Attaponl saad* also haa a low bicarbonate content,

IMar ftraa the fiBnjeneqr tad CMHralmnrtTy (?) Toraatlcaa

29, fa, kkp ead in the Hanjenoy Tonartion or (possibly) 

the? Cfcickshaainy Foasaatlon. 2&esa> are fairly soft sodium bicar 

bonate nmtars in valch bicarbonate' xaoofts from 290 to 2fcL ng/1. 

slthongfr considered fairly soft, the hardness of these waters is in 

distinct contrast to Tiaturn £rom that Jfattaponi j^sznatiOD aad ranges 

from 56 to 93 ofi/1 IB those samples. The wter frca vail %7 in the 

easteraaost part of taa county/ hate a> hardness of only 18 ag/1 aad   

soagwha,t higher bicarbonate than the other three* 15» relationship 

sueepata a not too distant source of recharge. Saaplas from the 

first three veils sectioned bvm ondergone less base caechanga than

samples from greater depth and hare gained only moderately in bicar 

bonate. The "Hater from Hell 4? has trailed farther, is softer and 
has gained somewhat in bicarbonate*
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Wrter iroa Pleistocene Depoeita
*"-

analysis of 23 sample* of water firaa shallow veil*

atom that hardosaa raugea freer 7 to 103 mg/1 although ooat saaplea
* , A rang* 1,n TumliMui fn» 20 to ^5 ag/1* Moat aha I low veil inter la»
^

ti«p«fDr«> imlrly aoft* The btrdueaa la yi-eaeut aa bicarbonate; 

other conatitmnta are low. TI» analysis of -water from veil 35 

la typical.

Vhere  hal.lrnr valla penetrate aarl beueath the sandy terrace 

foxfflBtiooa> Tery ili^btly acidic «hal1c7y ¥ater my react with liae 

itt the aarl aad becoae fiiirly hard.
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Able 12- . Logs of Wells In King and Queen County, Va.

3, Civilian Conservation Corps, St. Stephens Church 
(Log from files of 7a. Dlv. Mineral Resources)

Altitude J#M?) feet

Tnlckness

Hot described 

Chaaapemka Group

7omatlon (Soceoe)

Hock

Itorl* son* flue sand

Msarl, blua

(Socan* to BLLeoccne) 

blue

Sand,, pepper and salt 

Rock, ahelly, not bird 

Sand, black, and rock strata.

65

67

6

3

10

Depth 
(feet)

65

230

10

15

15

5

2to

255

270

275

351

361

173



Table 12 , logs of Wella in King and Queen County, Va. (coot.) 

Hell fc, Fish SKtcnory, Stei 

Altitude 70 feet

Columbia Group (Pleistocene)

Subsoil 

Chesapeake Group (Miocene)

day, blue

day, green 

Kanjeooy Tarnation (Socene)

Sand* waite

Stone

grey 

, blue

Aquia (f) Tarnation

Mfcttmponi Formation Upper

day, red

diy/ blue

Clay, bard, green

day, gray, glauconitic

Stone, abelly

eronsTUJ^r

Thickness 
(ftet)

17

103

20

2

33

5
2

13

2

13

20

35

5

15

5
1*0

3

Depth 
(ftet)

17

120

ito

11*2

175

180

182

195

197

210

230>

265

275

290

295

335

338
174



Cu*/f -V

Thickness Depth 
(feet) (feet)

Mrttaponi yornmtion (eozrt'd*)

day, blua, soft 12 350 

S»nd, vfaite, elftyay 14 364 

day, red, soft 6 370 

daar, mottled 60 

Send, vhit* 35



£,-  Logs of Wells in King and Queen County 

Well J^A, Taylor and Caldwell Cannery, Walkerton

0

Columbia Group (Pleistocene)

Topsoil .

Sand and gravel . 

Chesapeake Group (Miocene)

Clay, light brown 

Nanjemoy Formation (Eocene)

Clay, shells, sandy

Clay, dark brown
\

Aquia (?) Formation (Paleocene)

Clay, dark gray

Sand, black, muddy 

Clay, gray 

Sand, white; water 

Clay, mixed colors 

Sand and grav 

Mud, sand, gr 

Sand and grav 

Sand and grav 

Sand; water

Thickness 
(feet)

56

20

52

Depth 
(feet)

4

18

120

140

192

Baleocene)'6©(Upper Cfsrfaxcavu; «~«£ *M

-ay 57

^3

;er 3

rs 4?

water 4

1, colored clay 10

water 5

clayey; water 16

13

249

292
  "

295

342

346

356

361

377

390

u

176



Table r£. . Logs of veils in King and Queen County, Va. (cent.)

Well 31, King and Queen Court House; King and Queen 

County School Board

(Log "by W. S. Reynolds) 

Altitude,

Columbia Group/5^ Pleistocene Jf 
f\

Top soil, clay, and sand 

Chesapeake Group (Miocene) 

Clay, "blue

Nanjemoy Formation (Eocene) and 
Aquia (?) Formation (Paleocene)

Clay, "brown 

Sand and shells 

Clay, hard 

Clay, "brown 

Clay, hard 

Shells 

Gray sand 

Clay, hard

Mattaponi Formation (Paleocene)
A

Black sand (water)

Thickness 
(feet)

60

15

5

1

12

1

6

5

60

10

Depth 
(feet)

110

125

130

131

150

155

215

225

.77



Table /2 . Logs of wells in King and Queen County, 7a. (cont.) 

Well W, E. R. Rilee, Shackelfords Fork 

(Log by Reynolds & Norman) 

Altitude, 100 feet

.. Thickness Depth
(feet) (feet)

Columbia Groupi(Pleistocenef * *&
A

Sand and shells   100 100 

Chesapeake Group (Miocene)

Clay, blue lA-3

Chickahominy Formation (Eocene)

Sand and stone, dirty 2

g<md and mud 13 258

Nanjemoy Formation (Eocene)

Clay, blue IT 275 

Continued stone 31 306 

Clay, blue and sand, glauconitic Ik   320
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Gloucester County

Gloucester County lies between York River on the south and 

PiaaJfcatank on the north* nfc^ southeastern portion of the county 

borders oa Mobjack Bay vhich opens directly into Chesapeake Bay* 

 Die land are* is 225 square miles. Tba population in 196*5 vas
loc*li+j

13,082* Gloucester has been the only heavily populated -area- "but in 

recent years marked increases in population have taken place in the 

Gloucester Point are*.

Although a rural county/ only about 8 percent of the work force 

\M employed in agriculture* The processing of fresh or frozen 

seafood is an Important industry/ as is lumbering. Fiberglass boats 

are manufactured at Gloucester and SOBS boatbuilding is carried on 

elsewhere*

Over half the farm income is derived from sale of field crops, 

chiefly soybeans and corn, a fifth from sals of hogs* About 13 

percent of the farm income vas obtained largely from sale of daffodils, 

both plants and bulbs » Poultry products accounted for about 10 

percent of the farm income and dairy products about 2J- percent of 

the total.

In addition to the commercial activities mentioned/ Gloucester 

County also enjoys a modest trade catering to summer vacationers/ 

fishermen and tourists visiting points of historical interest.

' U.S. Highway 17 passes through the county and connects 

Gloucester vith Newport Neva to the south via the George P. Coleman 

Memorial Bridge to Yorfctovn and vlth Frederlcksburg to the northwest.
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Gloucester

Geology 

Bedrock

Bedrock was reached in a well at Mathevs C. H. at 2,300 feet 

"below sea level and at West Point at 1,257 feet "below sea level. 

Hence, in western Gloucester County, "bedrock may "be about 1,600 

feet "below sea level and about 2,000 feet "below in the eastern 

part of the county.

Cretaceous System - Potomac Group

The Potomac Group consists of alternating strata of clay and 

sand of Early Cretaceous age. These "beds underlie Gloucester 

County "but have not "been reached "by any wells in the county. As

*shown in Section B-B , Figugeys/* , the Potomac sediments might
O  «'

"be reached at about 950 feet "below sea level at Gloucester (Court

House .

Cretaceous to Tertiary Systems 

Upper Cretaceous and Paleocene Series

ufc
Mattaponi Formation: The Mattaponi Formation is of

Cretaceous £e Paleocene in age . It is ordinarily characterized 

"by mottled clays in its lower portion and "by rather highly 

glauconitic clays in its upper part.

The "boundary "between the underlying Potomac "beds and the 

Mattaponi Format ions is problematical in Gloucester

3
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She veil at Olottoeater C. S. (3) doee not peoatxata tha full 

lection of tbe Hattapoal Fowmtion and in any event, tha boundary 

tieUaau tbe Jtettaponi aad overlying Chicfcafaflodny Fornation ia highly 

tin* She deapar strata there are largely dark gtoxconitic

days aad mdKxrdinaEta glaucoaltic tma&m* The vail ia finlabad in 

a quart* aaad and grrnvel lying a few fleet below a qoaxts-glauconitie

Tha* log of the veil at Severn (26, table 1 *f ) vaa given to
^\3. ' 

Sanford (tu l8o) in 1907 fraaasaory by tbe owner several

after construction of that vail. 2hi* log is alaost value 

less for staemtigmphlc correlation purposes although tbe aentlon of 

35 fast of pa***2ed ggavsl at 575 to 610 feet, fairly high in tha 

Hfcttepoai section* is of particular interest.

At Hftspoit Save, directly sooth of Severn in Gloucester County, 

aottlad clays are reported at a depth of 951 to 955 feet, below- vhich 

the sequence is sandy to a depth of 1*082 feat (Cfederatras* 1957, 

p. 212). da base of tha Mtttaponl osy be at much the sane depth in 

Severn, gpvamr, tbe highly colored elsy* typical of the Htttapoal 

have not bean reported in the fisv logs at band of deep vails in 

Gloucester County. Well 18 in (HLoaeester County at Roanea, a bit

vast of Severn, reached the "principal aquifer'* at 850 feet and vas
VI \3 

ooatinuad to a depth of 981 fast (Senford, pi 308), this suggests*

at least, tbe sandy cons that is present in the basal part of tbe 

Jtettaponi at Vest Point.

2
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Eocene Series

Nanjemoy Formation: The Nanjemoy Formation of LcwSr and 

Middle Eocene age is probably present in western Gloucester 

County "but thins eastward and may be absent east of Capahosic.
* f

The Wanjemoy is made up of highly glauconitic clays and sands 

with occasional very thin limestone strata.

  Chickahominy Formation: A few feet of \&te Eocene sediments 

are present at West Point. The formation thickens eastward and

probably make up most of the Eocene section in central and eastern 
A

Gloucester County. Reasoning from data available on the York- 

James Peninsula to the south, it seems likely that the Chickahominy 

Formation is 100 to 120 feet thick in central and eastern Gloucester 

County. The well (^2) at Capahosic penetrates 60 feet of pre- 

Miocene sediments. These are all assigned to the Chickahominy. 

They consist of alternating clays and sands, in part glauconitic. 

A- "hard bed of shells" near the base of the section may be coquina, 

ordinarily termed "limestone" in other logs. The yellow clay 

reported is unusual. One of the other rare reports of yellow clay 

is at Newport News where "sand and yellow mud" is logged at lj-50 

to 500 feet and "yellow clay" at 500 to 525 feet (Cederstrom, 1957, 

p.,229)- There the yellow sediments occur in the lower part of 

the Eocene section and in the immediately underlying Mattaponi(?)

Formation.

Wells k and 5 at Freeport on the Piankatank may also develop

water fronr the Chickahominy Formation.
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contact betyeen the Miocene foxnertions and the underlying 

formation vould appear to be at 387 feet (317 feat below

Lonrel) at Gloueeater C* H», but projection of the probable contact 

&QB tfaa vest ffog0Bat«t ratbar/ that tba contact should ba hl^ar* 

pevhape aoch hi^iar* A »iTr>.7ay difficulty is aaan la trying to 00* 

the Seven* log for atmtigraphic correlation* Hence, it seeaa 

bettar to lea^« the atratigrapby of thia area an open question at 

this
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titter Bearing Formations

Cretaceous System 

Lower Cretaceous Series - Potomao Group

The Potcmec Group of clays and prolific water bearing sands 

present beneath Gloucester County at 'depth but ax* not reached 

anr wells* However* water £rusi the Potomao Group may be expected 

to imags from bxmefclsh to saline inasmuch as water from basal 

Potomaa beds updlp at West Point contains 212 £pa-of chloride*

Cretaceoue to Tertiary fifcrstsms 

Upper Cretaceous to B*l*ocene aeries

Mattaponl Fbraationt A rather largt number of wells in 

Cfl anas stag County have been drilled to squiffer* in the Msttaponi 

Tbmatlon* However* only two evev approached the base of the forma* 

tlom. These were drilled in 1905 at Sagle Point Plantation to 981 

(or 900) and 1,004 feet, respectively (sanford, 1913* P- 179* 308) 

but failed to get either a strong flow or fresh water* The well of 

lesser depth (IB) is listed in^able {3 .

The well at Gloucester C* H* (55) penetrated Ik fast of coarse 

sand and, gravel at 730 feet below ss* levtl, well down in the 

Urttaponi section. A thick stimtim of fine glaueonite sand is 

pAssaul a ftw feet abore the coarse sand. The old well at Gloucester 

Point (58). 69k feet deep, and one at Bsxera (19), 716 feet deep, 

end in much the ssme horizon*
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A griMiiha.fr paralatant stratum appaara to be yreaent a little 

in tba saetion* It vaa reached in vail 26 at Severn at a

depth of 575 fteet- Valla 35 at^Liver landing 25» and 26 near 

fia and 21 at Olase aay all end in the sea* strata*. Valla 

daapar then too faart (24, 3*, 36>:37* **) aey and in another

«ater-beariag aand big* in tba Mfcttaponl sequence*

The* larsect flow reportad la from vail 36 at Claybanfc, fe£0 feet 

daap, vnicb bad   flow of 35 oca in 1918. Veil 19 «t Roanee, 716 

feat deep bad a flow of 52 gpt in 1906 and 10 gpt in 19*tl*

9» artaaian bead in valla ending in tba Mtttmponl Toznatlon 

VJM « narfmnia of about- 35 faat abom sam larel at tba tiaa of Sanford'a

wa in X906* In 1945 water vottld riaa to only about 3 feat above

aam l**al at daytank in a vail (37) ttO feat daap.

Am inflnTed mbore, no large quantities of vatar ba^ra bean 

developed from tba Mrfctapool fdnoatlon and lucking data on tbe thlcit« 

aeea and gxmin aixa of tba aquifers, no reasonable eatiBata can ba> 

aade of bow aueh vater al^fat b« developed in a single vail anyvnere* 

It in ems likely that mqulfers «vparabla to tboea at Vest Point 

should be pieeent in tba veatarn jart of tba county and vbara such 

aquifer* are jcveent era properly screened and developed* eevaral 

hundreds of gallons a alncte should be aiailable* In tha eastern 

part of tba county tba deep fomatlone yield vater too Mineralised 

for aost uses.

/33



fTaiMf    series

group of yarnmtioBat peaf to the depth at 

artesian beds lie and the inferior quality ?? «*ter to be obtained

^^xPQMl 'TA^SBS^K   flHt itJn^B- ffMHfl^Ervm L J»v%y» vB^Kflfflslfl'd 1319'^S^B* Off ^uflflk CSf^OD^C^f^ TSffnCBfWV ^M^B WMOTIr 4MM 4M^PI ^ ^PM^VMr^H^* «      ^   9 W^P(» <   J^VMv> VW- W4v IMmv VP^^^^BV^^^ ^ ^II^HM^p/

Boseovners nave had aosevhajt shallov veils drilled for their supply  » 

fiteee valla are cnennnly 2 inches la disaster and range fros 5° to 

110 feet deep. Barter is developed froai fine sand or a mixture of 

fine sand and theUs* Ordinarily not acre than a ffenr gill ana a 

sn&l* for a household, has been developed froa aoet veils la the 

Mlncene stzata> but near Irle, aortheast of Gloucester, a veil (43)

80 feet deep is reported to yield about 30 gnx» At Beat a 6-Inch
Czfy 

vail* scuLvemd at 54 to 65 feet and from 70 ta So fleet yields 23 gpa/t 
with 26 feet of drawdown. This is about as aueb. as asy be expected

firom veils endiag la Kiooeae beds aad^ la fact, many veils* 

thougt properly screened and developed, yield saeh less* rougfrly 

from 3 to ID gpou

B* veil near Boanes (17) is of particuljur iaterest la that 

vftter is obtained froa. a depth of 265 feet, veil down la the IQoeene 

seotion* ]tarthar> it vas reported to have had a snell flow. The 

shalloeer veils in Hioeeae beds all occur nndar vater table rather 

thaa artesian conditions*

9ie latilaji' is i-eftered to the ganeral eactioa of this report 

for a fuller disoossioa of the vmter-beariag potential of the Miocene 

foroetions*
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Quality of Water 

MKttftponl and ChlHahnatcgr f&mtioa*

fro* 4**p v»12* is OlaiaMftftr Oottstgr i» gnocftlly 

UWJLg At^fl Tort Bltwx ftt JUJiwadsYillft

50

to 70 ss1 of tAlorld« but ft &ort dlctsant tamstxvn^; two 

36, 38} ct dJqrUoiL and Olivers Uotl3^yig^^¥gtcg^nrtt

Bto^ffc *jf lii}Q *nfl ^70 suEf X cULooriilUt* ^^x tbMw vfttftm fts^ft  oft

to

Iji iftlrly lcvt 22 to

^^ 2J( jBBiMMy tolni fOSEf ftvtWOt tO

«t «   Jmllo* * d»p*h as powlbl* ftlosg tte i^ol* i»ft<di of 

Coustgr alooc Txrfc BlTtr. It acns prc^abla thtt tte

ot 4*f«IoirlDg » hl^lqr Biaasmliaftd

5
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At rreeport on the Pianfcatank the vater from the 330-foot veil 

la of ouch the sane character aa these along upper York River.

Chloride In the greepoi-t veil vater Is only around 30 me/1 although 

bicarbonate la somewhat higher* around TOO mg/1. An adjacent veil 

(5) yields vater that la almost Identical In chemical character and 

Is thougst to be of about the same depth although It vas reported to 

be much deeper* It may be noted that directly across the Ptankatante, 

a 500 (t) foot veil at Yoodstocfc Jarm yields vater containing 29^ mg/1 

of chlorlds (1(2, table °T  &* «*> $ ) 

l&e municipal veil (55) at Gloucester C* H. extends to jbQ feet 

below sea lerel and tape a deeper aqulfbr than the veils mentioned 

above. Chloride Is 355 mg/1* somewhat less than In vater from veils 

3*t and 3^ at Clsytank but bicarbonate Is higher, 7**2 me/1* This Is 

the- moat mineralized vater used for public supply In the Middle 

Bftnlnsula and probably In all of Tidewater Virginia.

da old 69*-foot veil (58) at Gloucester Point, yields vater 

IB vhlch chloride Is about the same concentration as at daybeuok, 

about J£0 mg/1, but bicarbonate Is hlgber, around 800 mg/1. At 

Ssaoera (northwest of Seldan) the chloride content Is much hlgfeer; 

1,700 mg/1 In vater from a 716-foot veil (19) and 1,090 mg/1

(Stanford, p.' 353) la vater from a 981-foot veil (18). Bicarbonate .t
la not as hlgfr as In waters as migfrt be expected but sulfate ranges 

up to 155 P£BU This suggests that the high bicarbonate ground vater 

has been "diluted 1* vlth a little of the sea vater vlth vhlch the 

sediments vere once saturated.



A 615-foot vell^ (25*) alao in eastern Gloucester County at 

as, yield* vater in vhicfa chloride content la 1,350 ppa and a 

««U (2^) th*re (Sanfdrd, p. 306) arleldad vatar irith

Bg/l of dilorida^ Offhtod, it might to tfeougit that^
<^

-would yield a  namhat laaa highly aloaraliaad vatar. 

lii^iaat chloride content found in deep nail vater In the county, 

3*500 Bg/l, la faro* a 610-foot veil (26) at Severn (Saoford, p. 351). 

It la a bard vater* aa contrasted vith other deep veil vatera already 

diaeuaaad* Here, too, roLfata la high but bicaxbooate la only 

aodarately
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Soft waters of moderately low chloride and high bicarbonate 

content are satisfactory for most domestic use* but unsuitable for 

industrial uses, particularly boiler feed* High chloride 

are useful for only special purpose* or aa a source of vater

for deaallalzatlon device** Am such, they would be more economical
A

to treat than acre saline vatera from the adjacent bay*

Although the low chloride waters are excellent for domestic 

use and many Industrial use* they, li&e higher chloride waters from 

deeper veils, are undesirable for irrigation use on account of their 

low calcium and hltfi aodiuai content.

tfcter from Miocene: Deposits

ttitar from Miocene deposits (Ik, 16, 17, 20, 28* *9» 53») is 

characteristically sooevnat hard* Total hardneaa in samples at hand 

rangea from 200 to kOO ng/1 and is preaeut aa calcium bicarbonate* 

In the saaple collected fraa the veil at iferyua (28f table tj ) 

sulfmte Is fairly hl^i, 110 mg/ljbut in other samples) solfkte la 

generally less than 20 a^l» Chloride is low in saaples analyzed 

vlth the exception of a vater from Saxera (20) in which the concen 

tration of that constituent Is 316 aa/l» 2hia veil is near the shore 

and aay be contaminated by bay vaters.

3
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Because the concentration of calcium is high relative to 

 odium, vater tract Miocene aquifers is excellent for irrigation* 

The problem in using such vater for tbat purpose is the development 

of sufficient quantities rather than the quality of the water itself.

titter from Pleistocene Deposits

miter from shallow veils ranges froa soft (2, 9, 25b) to Airly 

hard (27V 5T)> the hardness being present largely as calcium bicar 

bonate* The chloride content ranges 20 to 60 ppi in moat samples* 

frsmsnch as total mineralization is lev in moat instances* Host 

departures front that norm 1017 be due In largest part to a aligjrt 

contamination by sodium chloride, originating as salt spray carried

over the land.
r 

The sample froa Mwnj (27} nay shov the effect of contamination

by salt apray, but inasmuch as nitrate is 37 ag/1 the higfr chloride 

content nay perhaps be due to contamination by organic material 

rather than by salt spray*

Most vaters from shallow veils are susceptible to contamina 

tion by organic material and in the other three samples taken/ 

nitrate ranges from 10 to 28 mg/1*



Gloucester County

. , 
Inasmuch as the artesian water at Gloucester C4 and Gloucester

Point is relatively high in chloride, it.would "be desirable to 

point out some method of improving the quality of that vater if it 

were possible. The only solution that suggests itself, aside from 

"bringing in water some distance "by trunkline from the 

"blending with properly protected shallow water supplies, injection 

of shallow water into deep wells, or "both.

Shallow well water can "be made available only in modest quantity

in the area of Gloucester C.H. a "bank of shallow wells in the
^

Gloucester C.H. - Ark area might produce enough water to "be worth 

pumping to Gloucester C.H. and "blending with the water from the 

present city supply. Utilizing methods outlined in the general part 

of this report and recharging the deep formation "by small diameter 

wells in a shallow well field on the high ground northwest of the 

city might "be done "but the principal gain would "be in a slightly 

higher pressure head. Recharged water would move so slowly in the 

artesian "beds from the recharge point to the city well under the 

existing low hydraulic gradient, that it would probably be many 

years before any of that water had a dilution effect on the forma- 

tional water now drawn upon. The better use of any shallow ground 

water that might be developed would be, as stated above, to blend 

it.with the presently used supply. Were larger quantities of 

shallow water available it might "be worthwhile to consider recharg 

ing the somewhat brackish water formation through an injection well 

in the immediate vicinity of the supply well.
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The subject of artificial recharge of brackish vater veils is 

discussed in some detail in the chapter on Mathevs County.

The situation at Gloucester Point is much the same as at 

Gloucester C.H. Deep veils there yield a high chloride vater and 

shallow vater supplies are available in reasonable quantity only at 

some distance from the point of greatest demand.
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i^f . Logs at i«ll» In Oloucntcr County

HUH g, Dr. Stanley Owy, S»U B*cfc» 
(Log firaa Boll* 7, 7n« Cteol. Surrey)

10 flMt

(feet) 

Cobjofela Group (Fl*i*toc*a»)

C2jqr

15

15

4

15

30

3^

Group

Jtari, «ndy, blot; ***** at U2 to ^ rt. 201 235 

; nail flow of wter 2 237

385 

Bode* *aft; i gpa n*twr «t 4lJ ft» 30

I/ B. J» Brlvtov veil of Srafbi* (p. 179)
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. Logs of veils in Gloucester County, Virginia (cont.) 

Well 26, J. M» Shackelford, Severn 

Altituda 8 feet

Thickness Depth 
(feet) (feet)

Columbia Group (Pleistocene)

Clay

Sand, vfaite

Sand, yellow to red; vater

Chesapeake Group (Miocene)

ifcrl* sheila

Sand/ gray| nater

Mtrl, sandy

Undlfterentiated

Marl, blue» a fev shalla

Sand, black; vater under lovnead \
Mud, dark or green cast

Sandy black, in hard layers; vater 
under loir head

1

6

1

10

6

*6

_J58L_

15

135

55

1

T

8

18

2k

70

__ *&5
-- - r -               

1*50

575

610

pebbles the aiza of vbeat 
grmlns; vmter under fltrong head
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Sable /f . logs of nella ia Gloucester County, Virginia (cont.)

Weir k2, Mrs. M. D. aunnally, Capehoalc
( Log "by Sydnor R 

Altitude

day, yellov

Clay, yellow sandy and vhite sand

Sand and gi*vel, ccarse

Stand, flz* vfaite
<S«^&a,a.^vQ 6^x00
Sana, blacit and said, fev afiells 

day, dark blue 

day, blue

y fine unite, lev sheila and 
browi rode

day, dark green

C

Sand, fine

Sand, aadixai coarse

Sand and sheila

Mod, yellow

Sand, muddy and sheila

Mud, gray

Mod, gray and fine black sand

Shells,, hard bed

Pump-ii WekL~<
de 2>£ feet

-J
te sand

nella

la and

frTyH

beach sand

Soiagajay-)-'- 1- -'^

Tbicknesa 
(feet)

8

7

10

27

51

35

38

4

35

9

10

3

2

7

4

4

13

8

 ^ ii<t- *ef,w

Depth 
(feet)

8

15

25

5?

103

138

176

180

215

224

234

237

239

2*6

250

254

267

275
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Table )f .  Logi of nwlla in Gloucester County, Virginia (coot.) 

VtU U6, H. C. Colenen, Signpine 

Altitude 3 feet

* Group (Plelrtocene)

206

Xhicimaee Depth 
(feet) (feet)

Send, yellow 33 33 

Cbeaepeake Group (Miocene)

Jfcrl, blue 155 188 

fflrfHmhnnlay Tornfttion (Socene)

Sftoft; neater & 208^

Shell rode, hard l| 210

1 211
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Ifetheva County 

Introduction

Hathora County lit* on Chegftpeatee Bay with the P^mnkatanlc 

faming the northers boundary vita J-fob jack Bay and Uorth

87 «B*re ail*** rSm population la 196^ ma 6,836.

Agriculture ta iroe^qad In largely aa a part-tlna activity In 

Mrtfaewa County, but vood lot eotttagm add appreciably ta the dan

^flatting provides implpyiMiLt for the greatest 

sen and apart flablng by vlaltlng flail*

inrflne to the county* Tbere Is acoe local

«Bploys«rfe In aatf bod paddng aatablls2a»nta and « finr pargoaos 

In.

:io



Caology

Consideration of tha geology of Mathews County hinges upon 

the log of tha deep wall at Hathewa Court Bouse (39, table 17 and 

fig* 8). That wall panatratad tha complete section of Coastal 

Plain sediaents and entered bedrock at a dapth of 2,307 fiMt* 

This is tha only record showing tha thicknass and charaetar of

foraations in Kathavs County. Unfortunataly > faw

are available and the description of the formations is 

not sufficiently detailed to define the Halts of the various 

geologic units*

Sedieents of the Potoaae Group of Early Cretaceous age are 

penetrated in this well, extending perhaps frost a depth of 1,670 

feet to basement rock at 2,307 feet. Ihe boundary is drawn on the

11



Figure . Location of veils in Mathevs County.
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of a posalbl* correlation between "basal Mattaponi aande at Weat 

ftrfnt and a thidt aead at Mathev** da section la amde up of alter 

nating sand and clay beda> iritfc clay predominating.
m«*h* ^«- 

The aediaevta from 1,670 foet up to aa mica aa 300 feat «e*

aaaiflnad to the Mattmponi Tarnation of late Cretaceoua aad Bileocene 

age/ and to tte ChidahcBdny Tornation of Lata Soeeae a^a* Theaa bada 

ccoaiat of sand«f gZaocoaitie Itt part, altaraatins vlth clay. Mottled 

bigtiy colored clay* cfcaractariatia of tha Mattaponi Tozaation ar»

not raportad tet aay %  preaaot» A record of "a&aLe" (actually clay)
i«* 

vithout further quaULficatioa neither conTirma nor deny* the presence

of thoee ebarmcterla-tic twda«

QMT upper part of tha aection asiat be aaalgaad to the Cheaapeake 

droop of nearly fomatloos of Miocene a^a* Baporte of a thick sand 

bed vitfain tbe Miocene (at 100 to 200 feet) is not quite believable.

fliiatrTTTg up, tMe v»U vae drilled by the rotary aethod and 

beam all the earner** of a careleae job of logging. Scaoe of the 

thick sanda reported oay reflect Bwch ueeMngrout of loose aanda and, 

in 0K*erel, little confidence oaa be placed in tbe detailed notatioae

The 300 (?) feet of Hiocene beda» overlain by 30 to *O feet of 

aandy terrmce fonattiona of Pleistocene age, are aeeaingly nore amndy 

than In the area to the vert vhere the Miocene la ordinarily logged 

aa "oarl* or ''blue clay*"
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Hater Bearing Fornationa

Cretaeeoue to Tertiary Syataa

Ofcper Cretaeeoue to Socene Series

"Salt vater and gaud" is reported at 1,910 and 1,9*5 feet la
\ i4r&M»«v«r'. " "" "'  -

the log of veil 39 at Mathevs.l JEhe 817-foot veil at fethevs (33), \ 

led in 191d yielded vater In vhleh the chloride content

Igg  a/l»jT5rter from the Blllnps veil (28)p vhleh la only 596 feet 

^ contained 550 ag/1 «f chloride vhea empled In 191B and 19*1* 

ncnmly algfct be explained ae due to- greater peraeebili^r andL
hence better circulation in the deeper stare ten* However, It is 

poealhle that the relatively lor chloride vater 1* leaking from a
>C6tAI*M^ £ ***"*

 trmtua up la the moceoe zvtfaer toa& fic^depth* As broogjrt out In
A. 

TSrgJbiia Caolngtcal Sdrveor Bulletins 53 and 66, Mrtheva County lies

Is the me of hncklah arteelan vvter and there Ifr no reason to

espeet that fteeh vater irlll he obtained from veils ending in pre-/' 
Mftifxseus fCunatlo&s«

It Is pointed out that there ta every reason to believe that

lsrg» qoantltles of brackish wter are available fron deep- lying 

aanay beds In mthsvs County* Bxmcklah vater is useftil for soae 

Industrial porposes and other specialised needs as brought out ih&the 

introductory chapter of this report*

Ml

^ That portion of Chesapeake Group of Miocene f agnations vithln
/v 

reach of relatively ihallov Jetted or driven veils consists of alter*
zmting beds of aarl, and silt or sand In volch shells are coaaonly 
present*



She Miocene send/ toed* yield vater readily to veHa moat of which

from 50 to 150 feet In depth* Yields of up to 25 gpat haw been 

reported from place to place*

Mod* of the sandy iBBterial Is fine grained (silty) and trouble

baa been experienced vhere atteiapta have been oade to develop more
* 

than a modest yield* At the Sew Point Caofort Aray Installation,

the first veil constructed (W) Initially yielded about 15 gja of 

aacd-free vater but at a later date when a valve vaa Inadvertently 

opened to a higher discharge, the: veil sanded up. 33&e second veil 

(2fe) vaa gravel pecked (more lively* send packed) and yielded 25 gpa 

of sand-free vatar*

Beports of yields of 25 gsa from 2- Inch uosereened veils seen 

soMsabat optimistic* It seema lively. In view of the experience at 

Se* Pdlnt Comfort* that aeny open-end, 2-lneh veils vould be liable 

to rapid sand clogging If pumped at that rate for even a short time*

The veil (3T) at the Coast Guard Station on (feyon Island Is of 

particular interest In that it has a reported yield of 200 g£n vlth 

b$ feet of drawdown* There la no reason to believe that yields of 

this nature migxt not be developed in Mrtheva County where the

aquifer Is gravel* jGraveli as opposed to sand and siltAls thought
1  -^s *\ 

to be present in only a few places in the county > although coarse

sand oay be more vldsly distributed*
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Pleistocene Series

There are a great many very shallow dug or driven wells in the 

county that supply rural inhabitants with water* Sot nucn can be 

Mid shout then except that they are reported to be reliable sources 

of water even is tioes of drought»

Quality of Water 

Vater froo Pre-Jttocene Deposits

There is justification for discussing the quality of water 

ft-oa deep wells in Mrthews County froi the point of view that such 

water aigjtit conceivable be developed for scne special purpose* as 

outed in the? introductory section of this report* 7urther> there 

are no fresh water stream in the? county that algfrt bo developed to 

 apply Isrgs <%irmanrts and if large supplies were to be/ developed by 

treataent of locally erwilable water, brackish water would be store 

econoaioal to treat than adjacent saline bay waters.

B» sample taken from the 817-foot well (38, table ft } at 

MKtbews is a sligxtly hard sodim-bicarbanate water in which the 

chloride content is 156 ag/1* Bie chloride content is surprisingly 

low and it is possible that under steady puaping conditions, the 

chloride content of the water would increase. At Yorfctovn, Virginia* 

a deep well (Cederstroa, I$*t3* P* l£)« tipon pumping at a rate of 

113 «s&> yielded water initially containing only 2fe8 ng/1. After 

a short tin»> howerer, the chloride content rose to kkO ssg/1.



After a period of rest the chloride content reverted to Its former 

loner concentration* the Mfcthevs veil Bdgfet respond similarly under 

puaping conditions if the veter la entering the veil at a depth of

 boot 800 fleet rather than leaking In from a stzmtxa loir In the 

Miocene section*

sample/taken from the Blllups veil (28) at North, 568 feet 

7 moch the type that voold "be expected from deep veils 

ending in yftre-Jttocene aquifers In Mrthsvs County. It la a veryJ V

ffHEgfrfeiy hard soditaBHjlcarbonate vater in vhlch the chloride content
f*3/J£ 

is 550-99*» The ol^i chloride content of deep veil vaters represents

* resldmai of sea veter vita vhlch the sediasnts vere once satorated 

tha% here not oeen coopletely flushed out*

De cause of the hl^i sodlxa and low calclua content and higi 

total dissolved solids, vaters from deep veils In Mrthevs County are 

for Irrigstion use.
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Water from Miocene Deposits

Vater from Miocene deposits is characteristically a hard 

calcium "bicarbonate type in which the chloride content is low or 

fairly low. The hardness of four samples taken from wells ending
. ,A«M*M

in Miocene "beds (4a, 16, 40, 41) ranges from 136 to 279 $|afrbut
/ \ A** r'-2»

water'from a fifth well (10) contained only 27 PP* of hardness. 

Comparison of the analyses of the soft water (10) with an other 

wise similar hard water (l6) shows that the softer water has "been

softened "by natural "base exchange. The sample from well 41 is a
^ "*!$

hard water containing 268 ppa of hardness. In this water the

"bicarbonate (in equivalents per million) is- a little greater than 

the total hardness and, therefore, it has also "been softened to

some degree "by "base exchange.
h m( !j'*

The chloride in water from Miocene "beds ranges from 10 pprd in 

well 4a to 136 pjsn, in well 40. The water containing 136 ppa of 

chloride is also high in bicarbonate, 640 -pjsa, and on that account 

may not "be as pleasant tasting as water of lesser mineral content.

The chloride content of Miocene waters may "be sea water 

remaining in those marine "beds that has not "been completely flushed 

out by infiltrating rain and snow melt. On the other hand, Mathews 

County is bordered by saline bay waters and there is every reason 

to believe that salt spray has added much or all of the sodium 

chloride present in Miocene (and Pleistocene) well waters.



hardness of aost vaters from Miocene beds vill result in 

high soap consmptlon vhera the vater la used for veshing purposes 

and the high bicarbonate content of some of the vaters may render 

It onsatiffftwtory for boiler feed. Sard calcium bicarbonate vaters 

are highly suitable for irrigation purposes* As pointed out, not 

all vater from veils ending in the Miocene yield vater of this type* 

She fo*g**i» veil vater (10) has a higi sodium-bicarbonate content 

relative to the calduBi bicarbonate present and vould be considered 

undesirable for irrigation use, although being soft, it vould be

for domestic usea*

fleter froa Pleistocene Bapoelta

The four aaaples of vater froa shall air veils have a zather 

loir mineral content* Water frost veil 43 in hard, the total 

hardness being 210 ag/1, vater from veil 25 iff moderately hard, and 

at fluaaa (3) the veil vater la soft and contains only 30 ag/1 of 

hardness* In all three instances hardness la present largely as 

bicarbonate hardness* Hirdnesa la likely a function of the

relattv* presence or absence of shell material in, the surflcial
.43

Chloride is 196 mg/1 in vater from veilX on Owynn Island^ 
SSS^JS^SJL^_«?*!^^_^^_c:tNjt^^*^_e^^^ 

xandocbtedly flu1 U^nateil aji^salt spray blown crwoTthe land*
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Thble 17 ' legs of veil* In Matheva County, Virginia 

F> Or. J. H. Scaerer, Dutchman's Point

Altitude o feat

Depth 
(feet)

15 15

Jtel, blut ^ 50 65

Shell* vita a«od 35 100

Hurl, blot 50 150

Shall* vita sand 15 155

shell 10 175



Table f( . Log* of vella in Mathev* County, Virginia (coat) 

Wall ^1, Slfeine Oil aad OR* Co*, Mathava 

Altitude 7

4pVti«ifpfg| /jy»*in* I O*vS^Tcc,**\«i\

Sand eurfaca soil

Sand

Cheaapealaa Group C^*^**^

a** «d «h*u
a»n
8uS«Bld»ll

a«i^
Bkad

a^^gp^r
2Qiela> s*ticky

Brlller report* eand> cored sao^la 
ia gray shell nerl containing 
mlaor glauconite, t lab booea and

Sand aad gravel

Stad, shall, and boulder*

Shale, saaSy

Ctaebo

SbaLt

Shale, gunny

<*tet>

5

78

16

1

100

MO

20 

170

90

10

60

30

5

205

10

55

(feat)

5

83

99

100

200

210

230

400
« »« 

r c 

500

560-

590

595

800

8lO

865

225



Table M .--Logs of wells in Mathews County, Virginia (cont.) 

Well , 222daa Oil and Ga* Co., 2feth*v* (cont.)

glauconitic-

Sand* herd, cad jyrlta«

CMbo

BUlltr report* sand; ear* It U^xt 
glmuconli» in llnaqr iwtriz

Otafeo

flbell M?^ fel&cki sand

ShaJUif san^r^ and ghtll

tafeo

tzaea of glAuconlt*

7

1

5

3

*

7

8

7

118

15

35

5

20

12

38

15

*>

5

60

5%

1

75

^   ^      (£^)
ffrz
873

878

881

895

902

91O

917

1035

1050

1085

1090

1110

1122

1160

U75

1215

1220

1280

133*

1335

1410



Table M . Logs of wells in Mathews County, Virginia (cont.) 

, Slkin* Oil end G*« Co., Mftttarv (cont.)

Sfa*l*

Quribo* red 

duoft

Sb*l*> red, iticky

flud; aalt wter

; salt -water

Stood and grmrelt* t%
irt>rUui (T) 1

Hock

Bed «ad green rock

Broken rock and afaale

Qrmnlte

Thlokaes* 
(feet)

78

2

62

118

10

125

65

ko
20

15

5

75

*0

20

90

35

16

k

67

6

5

2

5

Depth 
(feet)

U88

U5KT

1552
1670
1680

1805

1870
1910
1930
19*5

1950

2025

2065
2085
2175

2210

2236

22*0

2307

2313

2318

2320 ..

2325
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